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ABSTRACT

Gestational weight gain outside the recommended ranges puts women at risk for
pregnancy complications and adverse birth outcomes. Food insecurity and environmental factors
including neighborhood deprivation may influence gestational weight gain. This research 1)
examines the impact of neighborhood deprivation on gestational weight gain, 2) identifies if the
association varies by selected maternal characteristics, 3) examines the relationship between food
insecurity and gestational weight gain, 4) determines if stress mediates the relationship between
food insecurity and gestational weight gain, and 5) examines whether selected maternal
characteristics mediate this relationship. The research was conducted through the analysis of the
Pregnancy Risk Assessment Monitoring System, the American Community Survey and Florida
Vital Statistics. Bivariate analyses, logistic regression and multilevel logistic regression were
conducted to examine the associations. Results indicate that neighborhood deprivation and food
insecurity are important risk factors for gestational weight gain that vary by stress and maternal
characteristics.
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CHAPTER 1:
INTRODUCTION
Adequate weight gain during pregnancy is crucial for fetal growth and development.
Weight gain outside the ranges recommended by the Institute of Medicine (IOM) may negatively
impact maternal and infant health during pregnancy, in the postpartum period and later in life.
Pregnancy is a crucial time during the life course that can alter the trajectory for both maternal
and infant health.
Most women fail to meet the guidelines for gestational weight gain. In one study, only
22% of women gained gestational weight within the guidelines while 62% of women exceeded
them (Gould Rothberg, Magriples, Kershaw, Rising, & Ickovics, 2011). There is evidence that
food insecurity may play a significant role in the amount of weight gained during pregnancy as
the majority of women who are food insecure fail to meet gestational weight gain
recommendations (Laraia, Siega-Riz, & Gundersen, 2010). Neighborhood deprivation, which
can contribute to food insecurity and stress, may have a significant impact on gestational weight
gain through indirect effects. The number of children present in the household may exacerbate
the effects of maternal food insecurity and neighborhood deprivation on gestational weight gain
through ‘maternal deprivation’. Food insecure women often prioritize feeding their children over
feeding themselves when food is scarce in order to ensure that their children’s basic needs are
met and to shield them from the psychological effects of food deprivation (Dammann & Smith,
2009). In addition, maternal age may contribute to the development of postpartum maternal
1

obesity through excessive gestational weight gain due to a combination of factors including
changes in metabolism with age and consecutive pregnancies. With each pregnancy, the risk of
developing obesity in the postpartum increases if gestational weight is not controlled. Depression
and chronic stress are also both associated with obesity and excessive gestational weight gain
(Thomas et al., 2014). In a group of SNAP recipients, depression was strongly associated with
diet quality and body-mass-index (BMI) (Flórez, Dubowitz, Ghosh-Dastidar, Beckman, &
Collins, 2015). Perceived stress and disordered eating are higher in the postpartum period among
women who experienced food insecurity during pregnancy (B. Laraia, Vinikoor-Imler, & SiegaRiz, 2015). Research has also indicated an association between maternal prenatal stress and
disordered eating behavior in children (St-Hilaire et al., 2015).
Impact of Gestational Weight Gain on Health
Pregnant women are over 3 times more likely to develop obesity in the 5 years following
childbirth compared to childfree women (Davis, Zyzanski, Olson, Stange, & Horwitz, 2009;
Herring et al., 2012). The prevalence of women entering pregnancy overweight or obese is
increasing worldwide (Poston, Harthoorn, & Van Der Beek, 2011). Excessive gestational weight
gain is associated with poor pregnancy outcomes for both the mother and infant including
increased risk for cesarean delivery, hemorrhages, preeclampsia, gestational hypertension, fetal
macrosomia and low birth weight (Rodrigues, de Oliveira, Brito, & Kac, 2010; Nohr et al.,
2008). The development of adverse outcomes associated with excessive gestational weight gain
is not exclusive to overweight and obese women. It has been found that normal weight women
who gain excessively have increased risks of maternal complications including hypertension,
cesarean delivery, large-for-gestational age infants, and seizures (Chin et al., 2010).

2

Food Insecurity and Hunger Defined
Food insecurity is defined as the limited or uncertain availability of nutritionally adequate
and safe foods or the limited or uncertain ability to acquire acceptable foods in socially
acceptable ways (Keenan, Olson, Hersey, & Parmer, 2001; Blumberg, 1999). This is distinct
from related concepts such as hunger, undernourishment and malnutrition. Undernourishment
occurs when caloric intake is below the minimum dietary requirement (Ivers & Cullen, 2011).
Hunger is defined as the discomfort or painful sensation resulting from an involuntary lack of
food consumption (Dinour, Bergen, & Yeh, 2007; Weaver & Hadley, 2009). Food insecurity
describes a situation where a lack of food is combined with fear that future access to food will be
threatened, thereby leading an individual to alter dietary intake and behaviors in an effort to
compensate (Weaver & Hadley, 2009). However, food insecurity can be present with or without
hunger depending on the severity (Dinour et al., 2007). The term “food security” is often used
interchangeably with the term “food insecurity”. Food security is defined as occurring when “all
people, at all times, have physical and economic access to sufficient, safe and nutritious food to
meet their dietary needs and food preferences for an active and healthy life” (Castell, Rodrigo,
Cruz, & Bartrina, 2015). The concept of food security has historically been applied at a country
or household level. The components of food security include availability, access and utilization.
Availability is adequate when households have sufficient access, in terms of quantity and quality,
to foods required to meet needs through local production, commercial imports or agency
donations. Adequate access occurs when households have the necessary resources to purchase
food in sufficient variety to meet a nutritionally balanced diet. Utilization refers to the manner in
which food is stored, distributed and prepared (Castell et al., 2015). The definition of food
insecurity is a multidimensional concept that incorporates the perception of meeting basic dietary
3

needs, food safety, dietary quality, and the ability to acquire food in socially acceptable ways
(Keenan et al., 2001). For the purposes of this research, the term food insecurity will be used.
Constructs of Food Insecurity
While it is widely acknowledged that the main causes of food insecurity stem from social
injustice, inequity and the lack of guaranteed access to economic, social, cultural and
environmental rights, including the right to food, there is a lack of consensus in the literature
about the selection of indicators used to measure food insecurity (Carletto, Zezza, & Banerjee,
2013; Castell et al., 2015). The definition of food insecurity has evolved over time. The term first
appeared in response to the energy crisis of 1973 that led to fears of a global food crisis (Coates,
2013). It was originally meant to describe food availability at a national level and consequently
its measurement reflected this. A paradigm shift by the late 1970s resulted in the addition of food
“access” to the definition and more emphasis was placed on food security at the household level.
At this point dietary quality was not part of the discourse and the main focus was on the
sufficiency of food intake to meet caloric needs (Coates, 2013). It wasn’t until 1992, when the
United States Agency for International Development (USAID) included the concept of
utilization, that food insecurity was examined at the individual level. Anthropometric measures
became widely used to determine nutritional status and individual micronutrient consumption
was emphasized. Subsequently, the concept of “stability” was added to the constructs of
availability, access and utilization due to the work of Maxwell and Chambers in the 1990’s. In
1990, the official definition of food insecurity was decided upon by an expert panel of the
American Institute of Nutrition in collaboration with the Life Sciences Research Office of the
Federation of American Societies for Experimental Biology (Coates, 2013). Further to this, the
1996 World Food Summit defined the dimensions of food insecurity as food availability at
4

sufficient quantities and quality, food access to adequate resources, food utilization that meets
physiological needs, and food stability of access at all times independent of cyclical patterns
(Carletto et al., 2013).
Constructs used to measure food insecurity at the individual and household levels include
1) the quantitative aspect of having sufficient food, 2) the qualitative aspect of having diversity
in food choice and the types of foods available, 3) the psychological aspect of deprivation
leading to anxiety about the quantity and types of food available in the household, and 4) the
social and normative aspect of comparing one’s own eating habits, meal patterns or access with
accepted social norms (i.e. eating three meals a day) (Campbell, 1991; Castell et al., 2015). The
following two dimensions also need to be present: 1) the involuntary nature of dietary restraint,
identified through financial constraint, and 2) food insecurity that is present for a certain period
of time (Campbell, 1991). These constructs were identified through the development of the
Radimer/Cornell hunger and food insecurity instrument in the late 1980’s (Radimer, Olson, &
Campbell, 1990).
More recently, Coates proposed the following five dimensions of food insecurity based
on internationally recognized definitions and ethnographic research: 1) food sufficiency, 2)
nutrient adequacy, 3) cultural acceptability, 4) safety, 5) certainty and stability (Coates, 2013).
Food Insecurity and Neighborhood Deprivation
There is evidence that food insecurity is related to state specific characteristics such as
low income, high housing costs, and residential instability (Bartfeld & Dunifon, 2006). High
neighborhood social deprivation, low social cohesion and high social disorder have been found
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to be associated with food insecurity among children (Carter, Dubois, Tremblay, & Taljaard,
2012).
While poverty is a strong predictor of food insecurity, not all food insecure households
meet the poverty level threshold (Bartfeld & Dunifon, 2006). State differences in residential
mobility, unemployment, and housing costs are strong predictors of state food insecurity rates
(Bartfeld & Dunifon, 2006; Tapogna, Suter, Nord, & Leachman, 2004). In one study, almost all
the between-state variance in food insecurity could be explained by household and state-level
characteristics including education, unemployment rate, poverty rate, average wages, median
rent, tax burden, and rate of participation in food assistance programs (Bartfeld & Dunifon,
2006).
Deprivation has been defined as “the lack of one or more securities enabling people to
assume their basic responsibilities and enjoy their fundamental rights.”(Opatowski, Blondel,
Khoshnood, & Saurel-Cubizolles, 2016). Deprivation indices have been created at the individual
level and at the geographical level (Opatowski et al., 2016). Several indices have been created
using a multitude of variable combinations to measure and rank the concept of deprivation.
Variations in methodology, variables selected, weights used, transformations of data, and the
number of variables included have resulted in numerous indices that measure the same concept
(Morris & Carstairs, 1991). The earliest and most well-known indices include the Townsend
Index, the Carstairs and Morris Index, and the Jarman Index (Morris & Carstairs, 1991). These
three indices were developed in Scotland using postcode sectors and the 1981 Census Small Area
Statistics. They were created primarily to study deprivation in the context of health outcomes and
for the planning and delivery of health care resources to underserved communities.
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Gestational Weight Gain Defined
In 2009, the Institute of Medicine (IOM) revised its guidelines for gestational weight gain
to account for pre-pregnancy BMI status (Rasmussen & Yaktine, 2009). This was done to
maximize the health of both mother and infant based on new research indicating an adverse
effect of excessive weight gain on pregnancy outcomes, particularly in obese women. Guidelines
have been updated over the years based on emerging research. Originally, the U.S. National
Academy of Sciences recommended in 1970 that all women gain an average of 24 lbs. with a
range of 10 lbs. to 25 lbs. (Allen, 2013b). Most obstetricians were recommending that women
not restrict weight gain. The recommendation was to gain between 15 to 20 lbs. In 1980, the
National Natality Survey revealed that most women were gaining excessively at an average of 29
lbs. This trend continued to increase to an average of 32 lbs. in 1988 (range of 0 lbs. to 75 lbs.)
(Allen, 2013b). Because of a raised awareness that women were gaining weight at such a wide
range and the important effect of pre-pregnancy body-mass index (BMI) on weight gain, the
Institute of Medicine (IOM) revised the guidelines to optimize a normal pregnancy outcome,
defined as a full-term pregnancy with no complications resulting in a normal weight infant
(Rasmussen & Yaktine, 2009). As a result, weight gain recommendations were changed to
account for pre-pregnancy BMI. New guidelines were developed in 2009 to account for women
entering pregnancy at an older age, gaining excessive weight, an increase in the number of
multiple pregnancies, and entering pregnancy at a higher BMI (Rasmussen & Yaktine, 2009).
The 2009 guidelines for gestational weight gain ranges by pre-pregnancy BMI status are
presented in Table A in Appendix D.
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The recommendations outlined by the IOM do not account for the first trimester of
pregnancy. However, weight gain during this time accounts for 1 lb. of the total gain over the
entire pregnancy (Allen, 2013b). One study found that among normal weight women, increases
in energy needs during the first trimester of pregnancy are negligible (Butte, Wong, Treuth, Ellis,
& O’Brian Smith, 2004). According to the USDA, women should gain in total between 1 and 4
pounds during the first trimester and 2 to 4 pounds per month during the second and third
trimesters (USDA, n.d.-a). Women need to consume an additional 350kcal/day in the second
trimester and 500kcal/day in the third trimester of pregnancy (Butte et al., 2004). The energy
requirement of the fetus is 68 kcal per day (Allen, 2013a).
Stress and Mental Health
Food insecurity not only affects physiological health but also influences behavior and
mental health. The direction of the causal pathway between food insecurity and mental health is
unclear. Food insecure women are at higher risks for anxiety, depression, risky sexual behavior,
adverse pregnancy outcomes and obesity (Ivers & Cullen, 2011). In one study, 30% of food
insecure women were found to suffer from either generalized anxiety disorder or major
depression (Ivers & Cullen, 2011). If the effect of food insecurity were one of undernutrition due
to insufficient access, then it would be expected that most food insecure women would be
underweight, however, this is not the case.
In one qualitative study, themes related to obesity included lack of transport, inactivity,
social isolation, food insecurity, emotional eating, and disordered eating, particularly during
periods when household food supplies were inconsistent. Coping strategies that were used
among food insecure women included the withdrawal of children from school, a decrease in the
8

intake of certain foods, sale of assets, theft, and the exchange of sex for food or money (Ivers &
Cullen, 2011).
The Effects of Stress on the Brain
Stress is a precursor to poor mental health. Chronic stress leads to wear and tear on the
body referred to as “Allostatic load” (McEwen, Mirsky, Head, & Hatch, 2007). Prolonged stress
can cause structural changes to the prefrontal cortex, amygdala and hippocampus that influence
decision-making and behavior, and alter the brain’s physiological responses to stress (McEwen
et al., 2007). Animal studies have shown that chronic stress causes structural changes in the
prefrontal cortex that alter eating behaviors (Silveira, Kennedy, Sokolowski, Levitan, & Meaney,
2014). Stress can activate either the HPA axis or the sympathetic-adrenomedullary system
(SAM) depending on the type of stress and the perception of the stressful event (Adam & Epel,
2007). Research has shown that if stress is perceived as a threat and resources are inadequate to
cope, the HPA axis is activated and higher amounts of cortisol are released (Dickerson,
Gruenewald, & Kemeny, 2004; Henry, 1997). However, when stress is perceived as a challenge,
the SAM is preferentially activated over the HPA axis (Adam & Epel, 2007). It is hypothesized
that stress perceived as a threat versus a challenge has a greater effect on increasing intake of
energy-dense foods (Adam & Epel, 2007; Silveira et al., 2014).
Conceptual Framework
The socioecological model (SEM) can be used in conjunction with the social
determinants of health to study different levels of influence on health behavior and outcomes.
The SEM model has been further combined with the life course perspective to produce the risk-
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regulator framework that incorporates multiple levels of influence and accounts for critical time
points of exposure that occur over a lifetime (Huang, Drewnowski, Kumanyika, & Glass, 2009).
The Risk Regulator Framework acts as the overarching framework that outlines how
distal and proximal factors can impact gestational weight gain. It was designed to give a high
level overview of the complex interactions between multiple levels of influence from biological
to socio-environmental factors on the individual (Huang et al., 2009). The framework derives
from evidence found in behavioral economics that suggests that these interactions influence
behavior beyond the individual’s control. Individual behavior is constrained by forces that exert
control over choices and attitudes (Huang et al., 2009). The social environment can modify
behavior by influencing food preferences, values and attitudes through role modeling, peer
pressure, and social norms (Herman et al., 2013). At the community level, food insecurity and
gestational weight gain may result from lack of availability of nutritious food combined with an
abundance of cheaper options with limited nutritional value (Herman et al., 2013). More distal
levels include food policies that shape accessibility, affordability and availability of healthy food
options, as well as food assistance programs and food subsidies (Herman et al., 2013). The
model outlines the different levels of influence on individual behavior along a vertical axis that
include macro level factors of policies that shape the food, physical, social and economic
environments, and micro level factors that including individual characteristics (Huang et al.,
2009). The risk regulators are organized on the vertical axis from micro to macro levels, while
time is represented on the horizontal axis. The model also incorporates early exposures and
changes over time that reflect the life course perspective. The individual is constrained by
biological and environmental forces that modify behaviors, choices and attitudes (Huang et al.,
2009).
10

Neighborhood deprivation is composed of variables at the macro or community level,
which in the Messer Index include percent of males who are in management or professional
occupations, crowded housing, the percent of households in poverty, the percent of female
headed households with dependents, the percent of households that are dependent on public
assistance, the percent of households earning less than $30,000 per year, the percent of 25 year
olds and older with less than a high school education, and the percent of 16 year olds and older
who are unemployed (Messer et al., 2006).
The micro level or “underwater” risk regulators include biological factors and stressinduced physiological changes that can influence weight gain and BMI. Basal metabolic rate
during pregnancy is influenced by pre-pregnancy BMI (Allen, 2013b). Normal weight women
experience increases of 5% in the first trimester, 11% in the second trimester and 24% in the
third trimester. By contrast, obese women experience increases of 7%, 16% and 38% in the first,
second and third trimesters (Butte et al., 2004). Binge eating alternating with restraint reduces
lean muscle mass which also affects metabolism. Rapid weight gain occurs as a consequence
(Dinour et al., 2007). The macro and micro level risk regulators work together to exert influences
over food insecurity and stress that impact gestational weight gain.
The risk regulator framework incorporates the life course perspective. The time axis
denotes the effect of exposures over the life course such as prenatal care and epigenetic changes
that may have occurred in utero (Huang et al., 2009). Characteristics like maternal age also need
to be accounted for as this could affect gestational weight gain through changes in metabolism.
The life course perspective postulates that exposures across the lifespan, including
environmental, biological, social, behavioral and physical, mediate health outcomes for current
and future generations (Herman et al., 2013). Within this context, food insecurity has the
11

potential to shape health trajectories for both women and their infants by influencing critical time
points where nutrition plays a key role, particularly during the gestational period. Chronic food
insecurity across the lifespan has the potential to influence health trajectories by altering daily
eating patterns that accumulate nutritional deficiencies and exposures over time. Optimal
nutritional status and gestational weight gain are critical to the development of fetal organs and
fetal programming that can last a lifetime (Herman et al., 2013). In women, optimal nutritional
status and gestational weight gain can influence the long-term risk of chronic conditions related
to postpartum weight retention. Pre-pregnancy BMI and gestational weight gain are strong
predictors of child obesity (Herman et al., 2013). At the micro level, the developmental origins
of health and disease (DOHaD) paradigm postulates that in utero exposures modify fetal
phenotypic expression of genes (Wells, 2012). Epigenetic differences between individuals result
from alterations in the expression of genes that are not caused by differences in genetic code but
are due to the effect of exposures that silence or amplify genetic transcription (Huang et al.,
2009). Research on the effects of prenatal stress and glucocorticoid levels on the risk of
delivering a low birth weight infant provides some insight into the complex relationship between
stress, nutrition and pregnancy outcomes. The developmental origins of health and disease theory
postulates that some adult chronic diseases originate during fetal development and are a product
of altered conditions in utero. The two leading hypotheses proposed to explain the theory state
that 1) the fetus is programmed through exposure to malnutrition, and 2) the fetus is programmed
through exposure to glucocorticoids (Reynolds, 2013). These two competing theories are interrelated since stress and eating patterns have long been linked to one another. Stress can lead to
binge eating, cravings for energy-dense foods and cyclical eating patterns among food insecure
women. The underlying mechanism explaining the relationship between stress, diet and fetal
12

programming is not well understood and requires further research. One outcome of fetal
programming is low birth weight, which research shows can lead to cardiometabolic diseases and
brain disorders (Reynolds, 2013). During pregnancy, glucocorticoids like cortisol are elevated;
however, women experiencing high stress have higher levels of glucocorticoids compared to
their counterparts. Cortisol plays a role in controlling fetal growth, brain development and the
rate of organ formation. It is administered in synthetic form to women experiencing preterm
labor to help accelerate the maturation of fetal lungs (Reynolds, 2013). The placenta filters
glucocorticoids through the enzyme 11 beta-hydroxysteroid dehydrogenase type 2 (HSD2),
thereby protecting the fetus from exposure. When the placenta is weakened by stress, poor diet
and infection, its effectiveness in filtering glucocorticoids is reduced (Reynolds, 2013). This is
one mechanism proposed to explain the association between stress and low birth weight.
Malnourishment during pregnancy can influence the body composition and metabolic
phenotypes of infants through epigenetic changes that can extend into adulthood (Poston et al.,
2011; Wells, 2012). This can lead to the development of obesity later in life, demonstrating the
transgenerational effect of nutritional status and chronic disease susceptibility over the life
course (Wells, 2012).
One key feature of this model is that components of the different levels of influence are
referred to as risk regulators instead of causal factors (Glass & McAtee, 2006; Huang et al.,
2009). Risk regulators are defined as dynamic elements of multiple levels of influence that work
together to modify outcomes (Glass & McAtee, 2006; Huang et al., 2009). The advantage of
using this framework is that it accounts for many different levels of risk factors and regulators
over time while also explaining the psychological and behavioral impact of these on the
individual.
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Syndemics theory can be used to explain the complex interactions between the social
conditions that lead to deprivation and food insecurity, poor mental health and changes in weight
gain during pregnancy. Syndemics theory was introduced by medical anthropologists to describe
the synergistic interaction between two or more co-existing diseases that cluster in a population
due to the social conditions of disparity, discrimination and structural violence that weaken the
population’s defenses to disease (Singer & Clair, 2003; Weaver & Mendenhall, 2014). The
concept derives from a critical biocultural approach to understanding and defining diseases. The
biocultural approach examines how social conditions and political-economic forces affect
biology and how this in turn can unravel the social fabric of communities (Weaver &
Mendenhall, 2014). The biocultural approach expands upon the examination of disease as a
product of biological processes and acknowledges the influence of social conditions as a driving
factor in the clustering of diseases in a population. The term ‘syndemic’ combines the concepts
of synergy and epidemic to describe the phenomena of two epidemics that produce a greater
combined effect than the sum of their individual effects. This can refer to both diseases and
social conditions such as poverty (Weaver & Mendenhall, 2014). Tenets of the theory state that
the diseases or social conditions must both be present in the same population, that social factors
such as structural violence and discrimination must enhance the clustering of disease, and that
the clustering of diseases must amplify the effect of each disease through disease interaction
causing increased disease burden beyond the sum of individual comorbid effects (Weaver &
Mendenhall, 2014). This challenges the classical biomedical approach of classifying diseases as
distinct and discrete entities that occur irrespective of social conditions (Singer & Clair, 2003).
Some argue that the classical approach to diagnosing disease is inefficient and less effective for
prevention and treatment (Singer, Bulled, & Ostrach, 2012).
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Stress, food insecurity and excessive weight gain or loss tend to concentrate in socially
disadvantaged populations. The social conditions that lead to this effect include discrimination,
structural violence and inequities in access to resources essential for health and well-being.
Examples include differences in food environments, the marketing of processed foods in low
income neighborhoods, housing conditions, and access to employment, education and healthcare.
Low income individuals may suffer greater amounts of stress because of structurally imposed
conditions that lead to greater instability in their lives (Singer & Clair, 2003).
Stress increases cortisol which affects appetite, metabolism and eating behavior. Changes
in eating behavior occur in a bi-directional way. Most individuals increase food intake during
periods of stress, particularly women, while approximately 30% decrease food intake (Greeno &
Wing, 1994). It is thought that the HPA axis is greatly responsible for changes in eating behavior
(Adam & Epel, 2007).
Food insecurity may lead to poor diet and malnutrition. Dietary composition and
nutritional status have been shown to alter cortisol metabolism (Manary, Muglia, Vogt, &
Yarasheski, 2006; Stimson et al., 2007). For example, children suffering from severe
malnutrition can develop hypercortisolemia and glucocorticoid resistance (Manary et al., 2006).
Chronic stress leads to wear and tear on the body called allostatic load.
Stress and weight gain are associated with the same adverse outcomes i.e. hypertension,
fetal growth, cardiovascular disease. Stress exacerbates weight gain through several mechanisms:
coping through eating, appetite control, and physiological effects. Stress leads to poor mental
health which may affect educational achievement and employment which may contribute further
to food insecurity. Research has found the relationship between depression and food insecurity to
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be bi-directional among women (Huddleston-Casas, Charnigo, & Simmons, 2009). Symptoms
of depression further exacerbate food insecurity by impeding the capacity of women to pursue
employment opportunities (Hromi-Fiedler, Bermúdez-Millán, Segura-Pérez, & Pérez-Escamilla,
2011).
Excess glucocorticoids can lead to weight gain through insulin resistance and changes in
metabolism, particularly in the intra-abdominal compartment due to an increase in glucocorticoid
receptors in abdominal tissues (Adam & Epel, 2007; Weaver & Mendenhall, 2014). The high
caloric foods that are more readily accessible to food insecure women may also contribute to
insulin resistance and changes in metabolism that promote weight gain (Adam & Epel, 2007).
Stress and weight gain also have common adverse outcomes including hypertension, impacts on
fetal growth and cardiovascular disease. The DOHaD hypothesis for example proposes that both
nutrition and stress promote epigenetic changes that affect phenotypic expression of the fetus.
Maslow’s Hierarchy of Needs Theory posits that individuals need to meet basic needs
such as food and shelter before they can meet higher level needs such as the need for selfactualization (Timmerman, 2001).Needs are ranked in a hierarchy with physiological needs, such
as food and shelter, at the bottom, followed by safety needs such as security and stability.
Individuals who are food insecure may prioritize the quantity and cost affordability of food
versus the quality and health benefits. Food insecurity restricts an individual from engaging in
healthy behaviors, such as maintaining a healthy weight, because overcoming food deprivation is
prioritized over the motivation to engage in healthy eating. This may be additionally constrained
by the lack of access to healthier foods. The theory can be further used to explain maternal
deprivation where mothers prioritize feeding their children versus feeding themselves in order to
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ensure that their children’s basic needs are met. In other words, healthy eating is sacrificed in
order to ensure that the basic hunger need is met.
Research shows that a decrease in sensitivity of signals that prevent overeating occurs in
response to cyclical eating patterns (Huang et al., 2009). Cyclical eating patterns are a coping
mechanism in response to stress, to the inconsistent availability of food, and to the abundance of
cheap energy dense foods. In one study, low income women reported changes in eating during
periods of stress, sadness, loneliness, and anxiety (Thomas et al., 2014). Disordered eating
among low income women occurs in response to not meeting the basic need for security caused
by the uncertainty of current or future resources. Previous research has shown that following a
period of starvation, individuals become preoccupied with food and engage in binge eating even
if the availability of food becomes adequate (Timmerman & Acton, 2001). Researchers have also
proposed a food addiction model to explain obesity that is based on drug addiction models (D. G.
Smith & Robbins, 2013). Evidence shows that high fat and high sugar foods are addictive (D. G.
Smith & Robbins, 2013). Even though this is not specific to food insecure women, the
inconsistent availability of food would create conditions that intensify the cravings for energy
dense foods and contribute to weight gain over time. The reward deficiency theory states that
baseline dopamine levels are lower in individuals who engage in self-medicating habits. Eating
high sugar and high fat foods stimulates dopamine receptors. Over time, this eventually causes
the downregulation of dopamine receptors and a higher dose of exposure is needed to produce
the same effect (D. G. Smith & Robbins, 2013).
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Research Questions
The constructs and concepts that are going to be further explored in this research are
neighborhood deprivation, food insecurity, stress and gestational weight gain. These constructs
will be explored through the following research questions:
1) What is the association between neighborhood deprivation and gestational weight gain in
pregnant women?
2) Do select maternal characteristics mediate the relationship between neighborhood deprivation
and gestational weight gain in pregnant women (i.e. maternal age, previous live birth, prepregnancy BMI)?
3) What is the relationship between food insecurity and gestational weight gain in pregnant
women?
4) What is the interaction between food insecurity and stress on gestational weight gain?
5) Do select maternal characteristics mediate the relationship between food insecurity and
gestational weight gain in pregnant women (i.e. maternal age, previous live birth, pre-pregnancy
BMI)?
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CHAPTER 2:
LITERATURE REVIEW
Recommendations for Total Weight Gain
Since the IOM recommendations have been published there have been follow-up studies
investigating the effect of the guidelines on pregnancy outcomes. Groups that need further
investigation to determine if guidelines are appropriate include minority women, women who are
obese, adolescents, women pregnant with multiples, low-income and food-insecure women.
Black women gain less weight on average and have the highest rates of low birth weight infants
(Allen, 2013b).
A study examining the effects of the revised guidelines in a population of overweight or
obese women with type II diabetes, researchers found that weight gain in excess of
recommended ranges resulted in increased risks for large-for-gestational age infants, cesarean
section, and preterm birth (Yee, Cheng, Inturrisi, & Caughey, 2011). Despite the publication of
the IOM guidelines, the majority of women fail to meet the recommendations for weight gain. In
one study examining weight gain trajectories, only 22% of participants gained within the
guidelines while 62% of participants exceeded the recommended range (Gould Rothberg et al.,
2011). Interestingly, the assumption that energy intake is the driving factor for weight gain may
not be completely accurate as new research is emerging that maternal body composition may be
a more important indicator (Allen, 2013b).
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Weight gain occurs during pregnancy due to increases in blood volume, extracellular
fluid, amniotic fluid, breast tissue, fat stores, and the size of the placenta and uterus (Butte et al.,
2004). The total weight gain in pregnancy is comprised of approximately 10 lbs. for the amniotic
fluid, the placenta and fetus, 9 lbs. for the enlargement of the uterus, breasts, increases in blood
volume and fluid retention, and the remaining weight accounts for increases in body fat (mean 511 lbs.) (Allen, 2013b).
A change in basal metabolic rate at conception is influenced by pre-pregnancy BMI and
is reported to increase by 20% to 30% for well-nourished women and increase much less for
undernourished women (Allen, 2013b). Studies have reported that the basal metabolic rate
increases by 5% in the first trimester, 11% in the second trimester and 24% in the third trimester
among underweight and normal weight women. However, among obese women, the basal
metabolic rate increases by 7%, 16% and 38% in the first, second and third trimesters(Butte et
al., 2004). One study found that a high variability in the rates of gestational weight gain during
pregnancy that was influenced by pre-pregnancy BMI. Some women experienced decreases in
basal metabolic rate in the first two trimesters while others experienced steady increases
throughout pregnancy (Butte et al., 2004).
Of note, although recommendations for weight gain have been updated to account for
pre-pregnancy BMI, these have not been translated into recommended energy requirements by
BMI. Recommendations for energy intakes for each trimester remain the same for all women
regardless of pre-pregnancy BMI (Allen, 2013b). Further research is needed in this area.
Not enough research has been done on multiple births. Currently, the 2009 IOM
recommendations are 37-54 lbs. for normal weight women, 31-50 lbs. for overweight women
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and 25-42 lbs. for obese women, with no recommendation for underweight women (Allen,
2013b).
Historically, low income women have been at higher risk for not gaining enough weight
in pregnancy, however, this trend is shifting towards a higher proportion gaining excessively
(Herring et al., 2012). The risk of gaining excessively for women 185% below the poverty line is
2.5 times higher than women with higher incomes. In one study examining the behavioral
differences and beliefs between high income and low income women, low income women
reported eating energy dense foods, binge eating, eating large portions, eating few fruits and
vegetables, having little variability in the types of fruits or vegetables eaten, and walking only as
required by daily living (Paul, Graham, & Olson, 2012). In contrast, high income women
reported eating healthy foods to calm cravings, choosing less energy dense foods, eating small
and frequent meals, bringing their lunch to the workplace, and exercising consistently (Paul et
al., 2012). Behavioral changes brought on by pregnancy also differed between the high and low
income groups. High income women reported that they attempted to increase specific nutrients in
their diets, switched to low impact exercises, switched to eating all organic foods, increased time
spent relaxing, and avoided foods they believed to be harmful including caffeine, lunch meat,
and soft cheeses. Low income women reported that they attempted to reduce or quit tobacco use,
quit using drugs or alcohol, and increase fruit and vegetable consumption. Beliefs held by low
income women included that women sometimes eat to feel better when stressed, depressed or
overwhelmed, that walking was sufficient exercise, and that women are eating for two when
pregnant. Among high income women, beliefs were that eating too much food led to excessive
gestational weight gain, that physical activity helped to slow the rate of weight gain, that women
should not eat for two, and that physical activity helped to reduce stress and promote positive
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moods. Low income women also reported that partners and family encouraged women to eat for
two, eat energy dense foods, and that they often relied on extended family to provide meals.
Barriers to physical activity reported by low income women included being tired, child care,
household responsibilities and physical discomfort. Low income women report diet and physical
activity behaviors that are more likely to promote weight gain compared to high income women
(Paul et al., 2012). Further research is needed to understand the social, cultural and
environmental contexts of gestational weight gain.
Impact of Gestational Weight Gain on Health
Obese pregnant women are at increased risks for numerous adverse outcomes including
miscarriage, large for gestational age infants, cesarean delivery, hypertension, preeclampsia,
congenital defects and diabetes(Chin et al., 2010; Poston et al., 2011; Practice, 2013). Adipose
tissue is preferentially deposited on the thighs and abdomen during gestational weight gain,
however, adipose tissue retained and accumulated postpartum with subsequent pregnancies is
preferentially deposited in the intraabdominal compartment (Nohr et al., 2008). Excessive
intraabdominal fat places the woman at increased risk for cardiovascular and metabolic diseases
(McClure, Catov, Ness, & Bodnar, 2013). Adipose tissue does not simply serve as a source of
energy but has metabolically active properties (Chin et al., 2010).
Adverse outcomes associated with excessive gestational weight gain are not limited to
overweight and obese women. It has been found that normal weight women who gain
excessively have increased risks of maternal complications including hypertension, cesarean
delivery, large-for-gestational age infants, meconium aspiration, seizures, assisted ventilation,
and hypoglycemia (Chin et al., 2010). The updated IOM recommendations have drawn criticism
from physicians who argue that the recommendations for weight gain are too high, especially for
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overweight and obese women. These high weight gain cutoffs do not account for concerns
regarding postpartum weight retention. Also concerns have been raised that the guidelines do not
differentiate between degrees of obesity. More research is needed to understand the impact of
these ranges on morbidly obese women both in the context of pregnancy outcomes and
postpartum weight retention.
It has been suggested that weight gain below the IOM recommendations among
overweight women does not have a negative effect on fetal growth or infant outcomes, however,
the evidence is mixed (Practice, 2013). In several studies, overweight women who gained
between 6 to 14 lbs. had similar fetal growth, perinatal and neonatal outcomes and less
postpartum weight retention as overweight women who gained within the IOM range. Given the
limited evidence on pregnancy outcomes for obese women, the IOM does not recommend lower
ranges for morbidly obese women.
Several large studies did not find that placing more restrictive limitations on weight gain
for obese women had an adverse impact on birth weight (Practice, 2013). However, other studies
found that the recommended range is too restrictive and led to increased risks of preterm, smallfor-gestational infants and infant death. There appears to be a trade-off between what is ideal for
adequate fetal growth and infant outcome, and what is ideal for minimizing the risks associated
with weight gain in a severely obese woman. Obese women who lose weight or restrict weight
gain increase the infant’s risks for restricted growth, while gaining too much increases the risk
for cesarean delivery, excessive fetal growth and postpartum weight retention (Practice, 2013).
Understanding the impact of low weight gain among obese women is especially important given
that low weight gain is more common among both overweight and obese women than among
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underweight and normal weight women. One study found that more than 40% of obese women
gained less than 22 lbs.
Limited data are available for understanding the impact of gaining below the
recommended amount or losing weight for obese women but evidence suggests a negative and
irreversible impact on fetal neurological development (Rasmussen et al., 2010). Maternal obesity
during pregnancy has been associated with deleterious effects to fetal neurodevelopment through
fetal hypoxia and iron deficiency caused by fetal hyperinsulinemia from maternal high blood
glucose levels (Herman et al., 2013). More research is needed to understand the physiological,
metabolic, and endocrine changes caused by restricting weight gain during pregnancy and its
impact on fetal development. Potential effects include changes in lipid and protein stores, and
fuel homeostasis, ketonemia, increased fatty acids, ketonuria, lower plasma glucose, insulin and
gluconeogenic amino acids, and increased nitrogen excretion due to prolonged fasting
(Rasmussen et al., 2010). Further research is needed to understand the dietary patterns, eating
behaviors and physical activity patterns of women who gain below the recommended amount
and examine fasting behavior in pregnancy. This information is critical in designing appropriate
interventions for obese pregnant women. More research is needed to understand if very low
weight gain among class II and III obese women can be managed in a way to avoid ketonuria and
subsequent adverse outcomes including adverse neurological outcomes in the infant (Rasmussen
et al., 2010).
Impact of Food Insecurity on Health
Even though it is counterintuitive, the highest rates of obesity occur among the most
impoverished groups in the United States (Dammann & Smith, 2009; Drewnowski, 2004). This
phenomenon has been described as the hunger-obesity paradox or food insecurity-obesity
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paradox (Dinour et al., 2007). In one study the average BMI of women living in homeless
shelters was 33.1 or obese (Dammann & Smith, 2009). In a study examining the relationship
between food stress and obesity across 12 states, researchers found that food insecure adults had
a significantly higher prevalence of obesity compared to food secure adults. This association was
most pronounced among adults 30 years of age and older, women, non-Hispanic whites, nonHispanic blacks, adults with a college education, adults with a household income under $25,000,
childless adults or adults with two children. This study found that one third of food insecure
adults are obese (Pan, Sherry, Njai, & Blanck, 2012).
Gender differences have been observed in the relationship between hunger and obesity.
The hunger-obesity paradox is found consistently among women but not men, with minority
women having the highest rates of obesity in the United States (Dinour et al., 2007; Drewnowski,
2004; Martin & Lippert, 2012). In one study, levels of serum lipids, a risk factor for the
development of cardiovascular disease, was found to be more abnormally elevated in marginally
food insecure women compared to food secure individuals (Tayie & Zizza, 2009). The same was
not found for men.
Weight gain in pregnancy is a particular concern for food insecure women. Marginally
food insecure women with a history of high dietary restraint during the preconception period
have higher gestational weight gain compared to food secure women with a history of high
dietary restraint (Laraia, Siega-Riz, & Gundersen, 2010).
Cyclical Eating
Food insecurity is a predictor of obesity and excessive gestational weight gain among
women. Understanding the context in which this occurs is important in the development of
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appropriate interventions and programs. Food assistance programs, specifically SNAP, have
been associated with cyclical eating patterns among recipients that follow the pattern of benefit
disbursement. One report indicated that food purchases peak within three days of receiving food
stamp benefits, yet individual energy intakes for the entire month are lower than the
recommended caloric intakes (Leung, Willett, & Ding, 2012). Individuals compensate for times
of hunger by consuming high calorie and high fat foods when they are able to do so (Gooding,
Walls, & Richmond, 2012). Disordered eating has been hypothesized to disrupt metabolism
(Laraia, Epel, & Siega-Riz, 2013). This feast and famine cycle is thought to explain in part the
excess rates of obesity observed among food insecure participants. Pregnant women have access
to several food assistance programs, including WIC, SNAP, TANF and food banks among
several others. No research exists establishing whether cyclical eating patterns are observed in
pregnant women who participate in these programs and whether this contributes to obesity and
excessive gestational weight gain in pregnancy. Multiple factors play a role in the development
of obesity and excessive weight gain among food insecure women including stress from
constrained resources.
While cyclical eating patterns has been studied in adults and children, scarcely any
research has been conducted in pregnant women. It is unknown what long term effects may
occur in the mother or infant as a result of cyclical eating patterns. One study found that a history
of restrained eating prior to pregnancy was associated with higher gestational weight gain during
pregnancy (Laraia et al., 2013). Additionally, a pattern of hyperglycemia followed by
hypoglycemia has been observed in diabetic food insecure pregnant women using food stamps.
Hypoglycemia has been shown to negatively impact the fetus. A decrease in the frequency of
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meals has also been associated with an increased risk of preterm delivery. The effects of cyclical
eating patterns on growth and development of the fetus is unknown.
Food Insecurity and Obesity in Low Income Women
In 2009, 14.7% of U.S. households were food insecure during the previous year (Ivers &
Cullen, 2011). Women have significantly higher rates of food insecurity than men (14% vs. 9%)
especially single mothers with children (37%) (Gooding et al., 2012). Racial and ethnic
minorities are disproportionately affected with 25% of African Americans and 27% of Hispanics
reporting food insecurity (Gooding et al., 2012; Paul et al., 2012). Several studies have shown a
positive association between food insecurity and higher BMI. Some research suggests that
obesity leads to food insecurity, however, the direction of causal pathways needs to be examined
further (Ivers & Cullen, 2011). The adverse effects of food insecurity on BMI status appears to
be stronger for women than men, reasons being unclear. Previous research has found a lack of
association between food insecurity and BMI among men (Gooding et al., 2012). Between 20
and 35% of low income pregnant women reported food insecurity compared to 0.6 to 8% of
higher income women (Ivers & Cullen, 2011). Food insecurity among pregnant women was
found to be associated with pre-pregnancy obesity, increased gestational weight gain, gestational
diabetes, and the inability to return to pre-pregnancy weight. Food insecurity has also been
associated with low birth weight and birth defects (Ivers & Cullen, 2011).
Food Insecurity and Mental Health
In a national sample of U.S. adolescents, a one standard deviation increase in food
insecurity was associated with a 14% increased odds of being diagnosed with a mental illness in
the previous year (McLaughlin et al., 2012). This included mood, anxiety, behavior and
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substance abuse disorders. Previous research has also found mental health effects in younger
children including developmental delays, anxiety, depression, externalizing problems,
aggression, hyperactivity, and mood swings (McLaughlin et al., 2012; Murphy et al., 1998; Slack
& Yoo, 2005). Children who are food insecure are more likely to require hospitalization, are at
higher risk for asthma and anemia, are more likely to experience frequent oral health problems,
have greater difficulty with social interaction and participation in school activities (da Fonseca,
2012; Eicher-Miller, Mason, Weaver, McCabe, & Boushey, 2009; Jyoti, Frongillo, & Jones,
2005; Ribeiro-Silva et al., 2014). A Canadian study found that a history of childhood hunger was
a strong predictor of depression and suicidal ideation in late adolescence and young adulthood
(McIntyre, Williams, Lavorato, & Patten, 2013). A history of childhood food insecurity can lead
to disordered eating in adulthood (Olson, Bove, & Miller, 2007). In a qualitative study
examining the effect of childhood food insecurity, participants described intense excitement
following the disbursement of food stamps and the increase in food intake that gradually
decreased as resources became depleted. One father described his daughter’s eating patterns as
binge-eating on some days followed by fasting on other days. A food secure participant
described her current struggle with food binges and emotional eating that she developed as a
consequence of childhood food insecurity (Olson et al., 2007).
Food Insecurity and Stress
Stress has been defined as “the absence or loss of autonomy over one’s life-course, or
over one’s working environment or neighborhood environment” (Szreter & Woolcock, 2004).
Long-term stress can result in chronically high levels of cortisol, adrenaline and nor-adrenaline
(Huang et al., 2009; Szreter & Woolcock, 2004). Stress decreases dopamine levels and
stimulates opioid release in the reward center of the brain (Huang et al., 2009; Rodrigues et al.,
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2010). Stress in pre and postnatal life programs dopamine regulation in infants that last into
adulthood (Rodrigues, Leão, Carvalho, Almeida, & Sousa, 2011). Stress caused by a lack of
resources during pregnancy leads to the development of prenatal depression (Hromi-Fiedler et
al., 2011).
Food insecure women experience higher rates of depression, chronic stress and
anxiety.(Laraia, Borja, & Bentley, 2009; Laraia, Siega-Riz, Gundersen, & Dole, 2006). In one
study, 53% of food insecure women were identified as depressed (Casey et al., 2004).Significant
ethnic and racial disparities exist as low income Latina and African-American women have the
highest rates of prenatal depression(Hromi-Fiedler et al., 2011). The sense of hopelessness and
depression among food insecure women has been described as the ‘hunger of the
mind’(Huddleston-Casas et al., 2009). Food insecurity in the postnatal period increases the risk
of suicidal ideation and hazardous drinking among women (Dewing, Tomlinson, le Roux,
Chopra, & Tsai, 2013). Research has found the relationship between depression and food
insecurity to be bi-directional among women (Huddleston-Casas et al., 2009). Depressive
symptoms further exacerbate food insecurity by impeding the capacity of women to pursue
employment opportunities (Hromi-Fiedler et al., 2011). This is further complicated by evidence
that poor antenatal diet quality is associated with depression, stress and anxiety in the perinatal
period (Baskin, Hill, Jacka, O’Neil, & Skouteris, 2015). More research is needed to disentangle
the bi-directional relationship of food insecurity and prenatal depression among women,
particularly in pregnancy as research in this area is scarce (Hromi-Fiedler et al., 2011). Untreated
mental illness can interfere with educational achievements and employment status, leading to
reduced income and productivity over the lifespan. The stress associated with living in high
deprivation neighborhoods combined with financial pressure is the precursor to depression.
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Depression and chronic stress are also both associated with obesity and excessive
gestational weight gain (Thomas et al., 2014). In a group of SNAP recipients, depression was
strongly associated with diet quality and BMI (Flórez et al., 2015). Chronic stress during
pregnancy leads to many of the same adverse pregnancy outcomes as antenatal depression and
adversely impacts diet quality in the first trimester of pregnancy (Thomas et al., 2014). Perceived
stress and disordered eating are higher in the postpartum period among women who experienced
food insecurity during pregnancy (Laraia et al., 2015).
In a qualitative study evaluating a stress intervention among low-income pregnant
women of which 70% were using WIC, a pregnant woman described her stress related to
financial difficulties:
“Especially at the end of the month, I run out of food. You need to have food, especially my kids.
Like me, I can go, but my kids I definitely want them to eat.”(Thomas et al., 2014)
In the same study, women reported uncertainty about the appropriate amount of gestational
weight gain required and anxiety concerning excessive weight gain. One participant stated:
“…with my son I gained 70 pounds. So, I was like that was really, really bad ‘cause I had that
post-partum depression real bad because of all my weight gain. So now I do eat a lot healthier
now and everything but I don’t exercise as much as should. I had lost some weight before I got
pregnant and yeah, I’m really concerned about it.”(Thomas et al., 2014)
The majority of participants also reported that the more stress they felt the more they ate and
used eating as a coping mechanism. Prenatal stress has been found to increase maternal cortisol
levels and disrupt the hypothalamic-pituitary-adrenal axis (HPA) for both the mother and infant
(Davis, Stange, & Horwitz, 2012). The HPA helps to regulate both weight gain and eating
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behaviors, and cortisol levels mediate abdominal fat distribution and nutrient-dense food
consumption. Whether chronic stress affects pregnant women differently than non-pregnant
women needs further investigation (Davis et al., 2012).
Qualitative research has also coined the term “hunger of the mind” to describe the hunger
experience of stress and depression, deliberate self-inflicted hunger, and the inability to eat
caused by experiencing violence. Stress from poverty and violence can lead to a loss of appetite
in women through the development of depression and anxiety. The physical and mental effects
of stress and violence include weakness, dizziness, seizures, anxiety, post-traumatic stress
disorder and sleep disorders (Chilton & Booth, 2007).
The majority of research on food insecurity has focused exclusively on the physiological
effects while ignoring the psychological impacts, particularly in developing countries (Weaver &
Hadley, 2009). Ethnographic reports from developing countries indicate that food insecurity
increases common mental health disorders marked by symptoms of anxiety and depression.
Three proposed hypotheses as to why food insecurity leads to mental illness include the effects
of insufficient micronutrient intake on the brain, the presence of uncertainty and unpredictability
as driving forces in the development of depression and anxiety through chronic stress, and
comparing one’s household situation in relation to others in the community leading to feelings of
shame in not meeting social norms (Weaver & Hadley, 2009). Few studies to date have been able
to tease out the direction of causality between food insecurity and poor mental health,
particularly due to the lack of longitudinal designs(Weaver & Hadley, 2009).
Food insecurity and stress may have a combined effect on the brain and body by both
contributing to changes in HPA axis activation and neurotransmitter release (i.e. dopamine,
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opioids, etc.). Chronic stress alters the pre-frontal cortex, hippocampus and amygdala, which
impact behavior and decision-making (McEwen et al., 2007). Diet, which is dependent on food
security status, can affect mental health as research has shown that poor antenatal diet is
associated with depression, stress and anxiety in the perinatal period (Baskin et al., 2015).
Stress decreases dopamine production in the brain, while eating high sugar and high fat
foods stimulates production (Rodrigues, Leão, Carvalho, Almeida, & Sousa, 2011). Eating high
caloric foods also activates opioid and endocannabinoid pathways in the limbic system of the
brain (Cota, Tschöp, Horvath, & Levine, 2006). Over time the body adjusts to establish
homeostasis and a higher dose of energy-dense food is needed to produce the same effect
(Silveira, Kennedy, Sokolowski , Levitan, Meaney, 2014; Smith & Robbins, 2013). Stress and
restrained eating patterns work synergistically to enhance the effect of energy-dense foods on the
reward center of the brain and decrease the sensitivity of signals that prevent overeating (Huang
et al., 2009). When food becomes adequate after a period of deprivation, binge eating can result
as fasting enhances the appeal of energy-dense foods (Goldstone et al., 2009; Timmerman &
Acton, 2001). Repeated intake of high caloric foods may reinforce dependence on these foods
through the reward system of the brain and lead to adaptations that promote compulsive
overeating (Volkow & Wise, 2005). There are parallels between the stress-eating response and
opioid addiction (Adam & Epel, 2007). Activation of the HPA axis during stress releases
opioids. Opioids in turn decrease HPA axis activity to protect the body against the effects of
stress (Kreek & Koob, 1998). Intake of high caloric foods also releases opioids that decrease the
stress response of the HPA axis (Adam & Epel, 2007). Prolonged chronic stress eventually
breaks down the ability of the HPA axis to self-regulate its stress response resulting in less
opioid production. Whether or not this increases compulsive self-medication with high caloric
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foods to stimulate opioid release is unknown and needs further examination. Additionally, there
may be transgenerational effects as research shows that stress in pre and postnatal life programs
dopamine receptors in infants with effects on dopamine regulation that last into adulthood
(Rodrigues, Leão, Carvalho, Almeida, & Sousa, 2011). Changes in HPA axis functioning occur
during pregnancy due to placental gene expression for corticotropin releasing hormone, ACTH
and beta-endorphin (Waffarn & Davis, 2012). Corticotropin releasing hormone helps to regulate
fetal maturation and onset of labor (Hobel, Dunkel-Schetter, Roesch, Castro, & Arora, 1999; R.
Smith et al., 2009). Placental enzymes protect the fetus from glucocorticoid exposure (Waffarn
& Davis, 2012).
In addition to affecting food intake, excess glucocorticoids have been shown to be
associated with the development of obesity by inducing insulin resistance, leptin resistance and
promoting visceral fat accumulation through increased density of glucocorticoid receptors in
intra-abdominal adipose tissue (Rebuffé-Scrive, Lundholm, & Björntorp, 1985; Tataranni et al.,
1996).
Coping with Structural and Other Barriers
A lack of purchasing power and access to healthy foods, above knowledge, self-efficacy
and intention to change, is thought to be the most important perceived barrier to low-income
individuals consuming healthier diets (Drewnowski, 2004; Keenan et al., 2001). Research
indicates that energy-dense diets high in refined grains, sugar, and fat are less expensive than
nutrient-dense diets comprised of lean meats, fruits, and vegetables (Dammann & Smith, 2009).
Food prices are lower in higher income neighborhoods (Zenk et al., 2014).
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In a qualitative study recording the beliefs of food insecure individuals, results showed
that food stamp recipients felt that their benefits were not enough to make it through the month
without turning to other means of purchasing food including using other assistance programs or
spending cash. The majority of participants reported that food stamps only lasted them 2 to 3
weeks, while a few reported that they lasted a day (Dammann & Smith, 2009). Others stated that
the timing of the distribution of benefits caused them to spend their cash first before using the
stamps to purchase food. One woman expressed her frustration that she wasn’t able to afford
healthier food options even though she knew exactly what her family should be eating to be
healthy (Dammann & Smith, 2009).
A study interviewing leading experts identified the following key barriers for nutrition
among low-income households: 1) the high cost of nutrient dense foods, 2) inadequate SNAP
benefits, 3) lack of access to healthy foods, 4) and environmental factors associated with poverty
(Leung et al., 2013). Solutions provided included giving SNAP recipients incentives to purchase
nutrient dense foods, restricting high calorie foods and beverages of poor nutritional value,
changing the frequency of SNAP benefit distribution, increasing nutrition education, improving
SNAP retailers, and improving state and federal coordination of SNAP implementation (Leung
et al., 2013).
Attempts to cope with perceived barriers include strategies such as getting food from
churches, soup kitchens, dumpster diving, skipping meals, fasting to stretch resources, buying
food in bulk, using coupons, shopping around to get the lowest prices, focusing on the quantity
versus the quality of food, buying food that has a long shelf-life, and purchasing food stamps
from other people (Dammann & Smith, 2009; Martin & Lippert, 2012). Others reported that
extended family or the community helped to provide additional meals through hosting gatherings
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such as potlucks (Dammann & Smith, 2009). Food insecure individuals are more likely to
engage in dietary behaviors that encourage weight gain such as eating calorie-dense foods to
avoid feelings of hunger and consuming less milk, fruits and vegetables, particularly towards the
end of the month (Martin & Lippert, 2012). In addition to depression and anxiety, food insecurity
can lead to a preoccupation with food (Dinour et al., 2007). Binge eating alternating with
restraint may occur when food insecurity is episodic (Dinour et al., 2007). This pattern of eating
has been associated with reduced lean muscle mass and more rapid weight gain during the binge
eating period (Dinour et al., 2007). Inadequate SNAP benefits may contribute to a cyclical eating
pattern among recipients as they consume more food at the beginning of the month and reduce
their consumption towards the end of the month as benefits get depleted (Leung et al., 2013).
Even while adjusting for food stamp and WIC participation, food insecure mothers,
especially single mothers, are significantly more likely to be overweight and obese compared to
childfree food insecure women. Food insecure fathers are not at greater risk of being overweight
or obese (Martin & Lippert, 2012). In a qualitative study, food insecure women reported that
when food is scarce they prioritize feeding their children over themselves (Dammann & Smith,
2009). It is hypothesized that due to gender expectations and the division of household labor,
women are more likely to engage in this behavior than men (Martin & Lippert, 2012).
A component of measuring food insecurity includes understanding food consumption
related coping strategies. These have been categorized previously based on themes generated
from focus groups including: 1) altering diet by purchasing less expensive food, 2) food seeking
strategies that increase the amount of food in the short term, 3) changing the household structure
to reduce the number of household members, and 4) using rationing strategies to manage food
insufficiency (Maxwell et al., 1999). A Coping Strategy Index has been developed to measure
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the behavioral response to food insecurity, however, it has been more commonly used to assess
the need for food aid in emergency situations (Carletto et al., 2013).
Future research needs to incorporate the neighborhood environment into the relationship
between food assistance program participation and obesity (DeBono, Ross, & Berrang-Ford,
2012). Coping strategies may be affected by the availability of retailers that sell healthy foods
and are food stamp approved, food prices, options for engaging in physical activity and the social
environment, such as stigma (DeBono et al., 2012). One study conducted in Leon County,
Florida, found that neighborhood access to SNAP-accepting retailers and supermarkets varied
according to the racial composition, average income and rurality of the neighborhood. Recipients
living in neighborhoods where it’s not possible to redeem SNAP benefits needed to travel further
distances to buy food (Rigby et al., 2012). Additionally, because SNAP-retailers must provide
foods outlined by the program, convenience stores are more reluctant to become SNAP
approved. In 2008, only 4% of all SNAP benefits were redeemed at convenience stores (Rigby et
al., 2012).
Lack of transportation to food retailers that are food stamp approved and offer healthy
food options is also an important barrier. One study found that women enrolled in SNAP
reported higher perceived stress levels with increased travel time to purchase food (Jilcott,
Moore, Wall-Bassett, Liu, & Saelens, 2011). Researchers also found that the average travel time
was significantly negatively correlated with preparing meals at home (Jilcott, Moore, et al.,
2011).
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Food Assistance Programs
According to the Committee on World Food Security in the 2012 Global Strategic
Framework for Food Security and Nutrition, Food Security and Monitoring Systems should
follow five principles: a) acknowledge the right to adequate food as a human right, b) hold
decision makers accountable, c) use a participatory approach that involves all stakeholders,
beneficiaries and the most vulnerable, d) be simple, accurate, timely and comprehensive with
indicators disaggregated by sex, age, region, that capture impact, process and expected
outcomes, e) not duplicate existing systems, but instead build upon and strengthen national
statistical and analytical capabilities (Castell et al., 2015).
The USDA’s Supplemental Nutrition Assistance Program (SNAP) is the largest food
assistance program in the United States. The program was developed in 1964 through the Food
Stamp Act and aims to help supplement the diets of income eligible households. Recent
estimates indicate that approximately 40 million Americans are SNAP participants of which 48%
are children, 28% are women, 16% are men and 8% are over the age of 60. In 2008, only 66% of
income eligible individuals were participating in the program (DeBono et al., 2012).
In order to be eligible for SNAP benefits, a household must meet certain criteria. For the
purposes of the SNAP program, the term “household” is defined as individuals who live and
prepare meals together. As of October 1st, 2016, a household is deemed eligible for benefits if it
has less than $2,250 in monetary resources regardless of size. This increases to $3,250 if there is
a disabled household member or a household member aged 60 and over (USDA, n.d.-b). Vehicle
ownership may be included in the eligibility assessment; however, it varies by state. The
household also has to meet income eligibility requirements. This is calculated based on the
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number of individuals living in the household. The standard cutoff is 130% of the poverty level,
so for a household with 1 individual, the gross monthly income cannot exceed $1,287 or $990
net (DeBono et al., 2012; USDA, n.d.-b). Each additional individual adds approximately $450 to
the gross monthly income allowance.
The benefit amount allotted to each household is calculated by first subtracting
deductions from the gross monthly income and then multiplying this number by 0.3. This is
based on the assumption that 30% of the household income is spent on food. This number is then
subtracted from the maximum allotment allowed for the household size. The difference is equal
to the household’s monthly SNAP benefit. For a one person household, the maximum monthly
allotment is $194. Every additional household member adds another $146 of maximum
allowable benefits (USDA, n.d.-b). In order to remain eligible for SNAP benefits, participants
must be employed, registered for work or participating in a work training program (DeBono et
al., 2012; USDA, n.d.-b).
SNAP benefits can be used to purchase bread, cereal, fruits, vegetables, meats, fish,
poultry, infant formula, baby food, baby juices, baby cereal, and dairy products (USDA, n.d.-b).
SNAP regulations do not restrict the purchase of high calorie, nutrient-poor food and beverages
(Nguyen, Shuval, Njike, & Katz, 2014). Soft drinks, candy, cookies, crackers, energy drinks, ice
cream, bakery goods, steak and seafood are all considered eligible foods. Non-food items like
tobacco, alcohol, toiletries, household supplies, vitamins, medicine and pet food are not eligible.
The USDA decided against restricting foods that can be purchased based on nutritional value. It
was decided that the process of restricting food items would be too costly and burdensome
(USDA, n.d.-b).
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In order for a retailer to accept SNAP benefits, they need to first apply for a permit with
the USDA (Rigby et al., 2012). A SNAP-authorized retailer may receive additional grants from
the USDA to stock the store with items covered by SNAP benefits (Rigby et al., 2012).
The obesity epidemic disproportionately affects low income individuals and as a result
the role of food assistance programs has been questioned as a potential contributing factor (Zenk
et al., 2014). An analysis of NHANES data from 1988 to 1994 found that food stamp participants
were more likely to be obese than income-eligible non-participants (DeBono et al., 2012).
Another analysis of NHANES from 2003 to 2010 found that SNAP participants had significantly
lower overall dietary quality scores compared to income eligible non-participants (Nguyen et al.,
2014). The association was significant for women, Hispanics, young adults and food secure
adults (Nguyen et al., 2014). Another study found similar results, with low-income Hispanic
SNAP participants having worse dietary habits than eligible non-participants. Results indicated
that SNAP participants consumed higher amounts of sugar, desserts and sugar-sweetened
beverages. Both groups consumed excessive amounts of sodium and inadequate amounts of
dairy. In this particular study, only 27% of income-eligible Hispanic women participated in the
SNAP program (Hilmers, Chen, Dave, Thompson, & Cullen, 2014). A systematic review
concluded that cross-sectional and longitudinal studies are more likely to find that food stamp
participation increases weight gain and obesity risk (DeBono et al., 2012). However, overall the
majority of longitudinal studies only found this association in women and not in men. The
reasons for disparate results between men and women is largely unknown but it is hypothesized
that women are more likely to be single mothers who experience higher amounts of stress and
who prioritize feeding their children over themselves (DeBono et al., 2012).
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Another food assistance program called the Special Supplemental Nutrition Program for
Women, Infant and Children (WIC) was created to provide supplemental foods to low-income
pregnant, breastfeeding and postpartum women and their children up to five years of age
(USDA, n.d.-c). The program offers nutrition counseling, education, screening and referrals to
services. Pregnant women can remain eligible up to six weeks following delivery, postpartum
women up to 6 months following delivery, and breastfeeding women and their infants up to one
year after delivery. Children can be eligible for WIC up until their 5th birthday (USDA, n.d.-d).
To be eligible, income must not exceed 185% of the poverty level. Individuals who are eligible
for SNAP benefits are automatically eligible for WIC benefits. The woman must be identified by
a healthcare provider as nutritionally at risk, meaning that the woman has a medical or dietary
based condition such as anemia, being underweight, a history of poor diet or poor pregnancy
outcome. WIC cannot provide services for all eligible women and maintains a waiting list with
priority selection when too many applications are received (USDA, n.d.-f). It is estimated that
approximately half of all children in the United States will have participated in the WIC program
before their 5th birthday (Whaley, Ritchie, Spector, & Gomez, 2012).
WIC participants are given food vouchers to be used at authorized retailers (USDA, n.d.e). There are currently 49,000 authorized WIC retailers in the U.S. (Zenk et al., 2014). The
program differs from other assistance programs in that it restricts the food items that can be
purchased (Whaley et al., 2012). Until 2009, the food items that could be purchased included
milk, cheese, eggs, breakfast cereal, 100% juice, beans and peanut butter (Whaley et al., 2012).
Additionally, breastfeeding women could purchase carrots and canned tuna. In order to address
the high prevalence of obesity among WIC participants, the program was revised in October
2009 to include a fruit and vegetable voucher, whole-grain options and low-fat milk to food
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packages in addition to the previously allowed items at a reduced quantity. The fruit and
vegetable voucher has a cash value of $6 to $10 monthly per participant. This contributed to a
modest reduction of fruit and vegetable prices, although this varied across neighborhoods (Zenk
et al., 2014). Previous research had indicated that pregnant women participating in WIC did not
meet their daily energy or iron requirements but that their intake of fat was significantly higher
than the recommended amount (37% vs. 30% of calories from fat) (Swensen, Harnack, & Ross,
2001). The changes implemented in 2009 significantly increased the consumption of whole-grain
products and low fat milk among participants (Whaley et al., 2012).
The Temporary Assistance for Needy Families program (TANF) provides assistance to
needy families with the goal of promoting self-sufficiency through job training, employment and
marriage. In addition to providing assistance to needy families, it also has the objective of
preventing pregnancies among single women and encouraging the formation and maintenance of
two-parent households. Program benefits and rules for eligibility vary by state. Pregnant women
whose income is below 200% of the federal poverty level can receive benefits (United States
Department of Health and Human Services, n.d.). The program was created in 1996 and consist
of key overarching elements including: 1) financing and program design elements funded
through block grants, 2) strict work requirements for eligibility, 3)and the lifetime limit on the
number of years that assistance can be received (Moffitt, 2003).
Nutritional Guidelines for Pregnancy
Most nutrients are metabolized at a higher rate during pregnancy (Committee on
Nutritional Status During Pregnancy and Lactation: Institute of Medicine, 1990). Hormones
redirect nutrients to the fetus, placenta and mammary glands (Ladipo, 2000). Changes in
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pregnancy result in the more efficient absorption of calcium and iron, and a reduction in the
excretion of riboflavin (Committee on Nutritional Status During Pregnancy and Lactation:
Institute of Medicine, 1990). However, kidney changes meant to excrete waste more efficiently,
increase the excretion of water-soluble vitamins (Ladipo, 2000). Nutrients such as protein,
vitamins and minerals are needed in greater quantities (Committee on Nutritional Status During
Pregnancy and Lactation: Institute of Medicine, 1990). Certain nutrients are more difficult to
obtain through diet, such as iron, which warrant the use of supplementation (Committee on
Nutritional Status During Pregnancy and Lactation: Institute of Medicine, 1990; Procter &
Campbell, 2014). However, some nutrients can be potentially harmful to the developing fetus,
particularly in the first trimester of pregnancy during organ formation. These nutrients include
iron, zinc, selenium, and vitamins A, B6, C and D (Committee on Nutritional Status During
Pregnancy and Lactation: Institute of Medicine, 1990). As a result, supplementation of these
nutrients needs to be done with caution. Food remains the preferred source of nutrition but
excessive calorie consumption alone does not guarantee adequate levels of key nutrients critical
to healthy pregnancy outcomes (Procter & Campbell, 2014). Nutrient recommendations vary
slightly between the Institute of Medicine, the National Research Council and the World Health
Organization (Ladipo, 2000).
There is increasing evidence that poor maternal diet and inadequate levels of key
nutrients at critical periods of fetal developmental can impact the long-term health of children
through reprogramming of fetal tissues (Procter & Campbell, 2014). Overall, the use of vitamin
and mineral supplements among married mothers in the United States is relatively high at 92%.
However, there are disparities in use between income groups. Previous analysis of the NHANES
showed that 39% of low-income women participating in SNAP reported using vitamin and
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mineral supplements (Committee on Nutritional Status During Pregnancy and Lactation: Institute
of Medicine, 1990).
Substances to avoid during pregnancy include alcohol, caffeine and energy drinks. The
Academy of Nutrition and Dietetics recommends reducing the consumption of sugar-sweetened
beverages to avoid excessive calorie consumption (Procter & Campbell, 2014). Certain diets
consumed during the pre-conceptual period, such as the Mediterranean diet, Dietary Approaches
to Stop Hypertension (DASH) and Healthy Eating Index (HEI), are associated with a 24% to
46% decreased risk of developing gestational diabetes (Procter & Campbell, 2014; Tobias et al.,
2012). Pregnant women should consume 3 liters of water daily to maintain a healthy pregnancy
(Procter & Campbell, 2014).
According to the Mayo Clinic, pregnant women require approximately 71 grams of
protein per day (Mayo Clinic, n.d.). However, others recommend 25 grams per day or 1.1 g of
protein per kilogram per day (Allen, 2013a). The majority of protein deposition occurs in the 2nd
and 3rd trimesters. No additional protein is needed in the 1st trimester (Allen, 2013a). A Cochrane
review on protein and energy requirements concluded that a high protein supplementation
relative to energy intake may be harmful to the fetus (Kramer & Kakuma, 2003). However, a
balanced energy and protein supplementation improves fetal growth and decreases stillbirth and
infant mortality (Kramer & Kakuma, 2003). A high protein supplementation is defined as
providing at least 25% of the total energy from protein. Interestingly, another study found that
high carbohydrate intake in early pregnancy suppresses placental growth and decreases birth
weight (Godfrey, Robinson, Barker, Osmond, & Cox, 1996). This effect becomes more
pronounced if women also restrict dairy protein intake in the third trimester. Infant birth weight
was also decreased among women who reduced their intake of animal protein in the third
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trimester (Godfrey et al., 1996).Women who are overweight or gaining excessive weight and
who restrict their protein and energy intakes do not have improved pregnancy outcomes. In fact,
results indicate potential harm to the developing fetus (Kramer & Kakuma, 2003).
More iron is needed in pregnancy to support the developing fetus, placenta, and the
production of hemoglobin. On average, between 1000mg to 1200mg of iron is needed during a
pregnancy, mostly during the last two trimesters (Committee on Nutritional Status During
Pregnancy and Lactation: Institute of Medicine, 1990; Ladipo, 2000). This equates to 6mg of
iron absorbed daily. For supplements, research indicates that 30mg of iron should be taken daily
during pregnancy starting in the 12th week of gestation (Committee on Nutritional Status During
Pregnancy and Lactation: Institute of Medicine, 1990). For women eating a diet with a low
bioavailability of iron, intake requirements increase by 187 to 407% (Ladipo, 2000). The Mayo
Clinic recommends 27 mg per day throughout pregnancy (Mayo Clinic, n.d.).
Iron deficiency is the most common micronutrient deficiency affecting pregnant women
worldwide and is associated with increased risks of preterm birth, perinatal mortality and low
birth weight (Committee on Nutritional Status During Pregnancy and Lactation: Institute of
Medicine, 1990; Procter & Campbell, 2014). However, the relationship is U-shaped with
excessive iron intake having the same outcomes as anemia (Committee on Nutritional Status
During Pregnancy and Lactation: Institute of Medicine, 1990). In one study, the daily
supplementation of 100mg of iron during pregnancy only improved the birthweights of infants
born to women who were deficient prior to pregnancy (Aranda, Ribot, Garcia, Viteri, & Arija,
2011). Another study conducted in anemic pregnant women found that iron supplementation
prevented preterm birth without increasing the risk for congenital defects (Bánhidy, Acs, Puhó,
& Czeizel, 2011). However, this was only found for women who were anemic in the first two
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trimesters of pregnancy, with anemia in the third trimester being associated with a decrease of
preterm birth (Bánhidy et al., 2011). A similar relationship has been observed for risk of low
birth weight (Bánhidy et al., 2011). Iron deficiency is more common among women below the
poverty line, Black women, and women with less education. The association becomes more
pronounced with increasing parity (Committee on Nutritional Status During Pregnancy and
Lactation: Institute of Medicine, 1990).
More research is needed to understand the role, dose requirements, safety and
effectiveness of vitamin D in pregnancy (Procter & Campbell, 2014). The current
recommendation is for all adults, including pregnant women, to consume 600IU/day of vitamin
D (Procter & Campbell, 2014). The NRC, IOM and WHO define an adequate intake of vitamin
D as 5 to 10 IU/day at minimum during the third trimester (Ladipo, 2000). It is thought that
vitamin D is important for regulating the immune system and reducing inflammation in
pregnancy. Higher levels of gestational vitamin D levels are associated with lower inflammatory
cytokine levels (Bobbitt et al., 2015).
The current recommendations for iodine are to consume 150ug/day during the
preconception period and between 175 to 220ug/day during pregnancy (Ladipo, 2000; Procter &
Campbell, 2014). Iodine is essential for fetal cognitive development and the prevention of
preterm birth, low birth weight, miscarriage, preeclampsia and fetal death (Procter & Campbell,
2014). Iodine deficiency can lead to developmental disabilities (Ladipo, 2000).
Zinc is required for cell replication and cell differentiation. The research on zinc
deficiency is lacking but suggests that it could be associated with congenital defects, miscarriage
,pregnancy complications, low birth weight, preterm birth and intrauterine growth retardation
46

(Committee on Nutritional Status During Pregnancy and Lactation: Institute of Medicine, 1990;
Ladipo, 2000). The recommended zinc intake is between 2 to 15 mg daily during the third
trimester of pregnancy (Ladipo, 2000).
In a case-control study examining the role of selenium in pregnancy outcomes, results
showed that women who had the highest levels of selenium deficiency were significantly more
likely to deliver low birthweight infants (Bogden et al., 2006). However, the association was
only found for full-term infants. The recommendations according to the National Research
Council and Food and Agriculture Organization of the United Nations vary between 27 to 65
ug/day (Ladipo, 2000).
One study found that higher levels of vitamins A and E in cord blood was significantly
protective for motor behavior developmental delays and social behavior developmental delays in
children at two years old (Chen et al., 2009). A systematic review and meta-analysis examining
the role of vitamin C and E supplementation in pregnancy concluded that there was no
association between the use of supplementation and preeclampsia (Conde-Agudelo, Romero,
Kusanovic, & Hassan, 2011). Recommendations for vitamin A intake are between 600 to 800
ug/daily in the third trimester (Ladipo, 2000). For vitamin C, the recommendations are between
50 to 70 mg/day and for vitamin E, 10 mg/day are recommended (Ladipo, 2000).
The majority of pregnant women do not meet the recommended intake of 450mg/day of
choline, a nutrient essential for normal fetal cognitive development (Procter & Campbell, 2014).
Folic acid supplementation before and during pregnancy is essential for the prevention of neural
tube defects. The Academy of Nutrition and Dietetics recommends that all women of
childbearing age consume 400ug/day of folic acid through supplements and fortified foods, and
47

that women take 600ug/day during pregnancy (Procter & Campbell, 2014). It is recommended
that women who have had a child with a neural tube defect take 4000ug of folic acid daily during
the first trimester (Procter & Campbell, 2014). The Mayo Clinic recommends 800 ug of folate or
folic acid per day prior to conception and throughout pregnancy (Mayo Clinic, n.d.).
The recommended daily allowance for calcium intake in pregnancy is 122% to 167%
higher than for non-pregnant women (Ladipo, 2000). The upper intake limit is 2500mg/d.
Calcium deficiency, in addition to magnesium deficiency, is thought to lead to the development
of gestational hypertension (Ladipo, 2000). Women need approximately a 100mg/day while
pregnant teenagers need 1300 mg/day (Mayo Clinic, n.d.).
The B vitamins thiamine, niacin and riboflavin are essential for energy metabolism.
Deficiency in these vitamins during pregnancy may result in adverse metabolic effects,
homocysteinemia, and restricted fetal growth (Allen, 2013a; Fall et al., 2003). Recommended
daily dietary intakes are 0.9 to 1.5 mg for thiamine, 12.6 to 18.0 mg for niacin, and 1.4 to 16 for
riboflavin (Ladipo, 2000). Vitamin B12 is difficult for vegetarians to obtain through dietary
sources since it is found in meat and dairy (Allen, 2013a). Recommended dietary intakes for
vitamin B12 range from 1.4 to 2.6 ug/day, and 1.9 to 2.2 mg/day for vitamin B6 (Ladipo, 2000).
The IOM and NRC recommend between 320 to 360 mg of magnesium per day in
pregnancy (Ladipo, 2000). The role of magnesium in pregnancy isn’t really understood and
needs further research. There are no recommendations for vitamin K intake from the IOM or
WHO/FAO, but the NRC guidelines recommend 65 ug/day (Ladipo, 2000).
Two categories of measurement, static and functional measurements are used in
pregnancy to determine nutrient status. Static measurements are used to determine the level of
48

nutrients in blood and tissue, while functional measurements are used to assess the levels needed
to support organ function (Committee on Nutritional Status During Pregnancy and Lactation:
Institute of Medicine, 1990). Challenges exist in measuring nutrient status in pregnant women, as
changes in plasma volume, metabolism and kidney function fluctuate week to week, and nutrient
concentrations in blood vary according to the presence of other proteins. As well, the transfer of
nutrients through the placenta may not be the same for each nutrient. The recommendations for
nutrient supplementation are made not on the basis of static measurements of deficiency in blood
or tissue during pregnancy but instead are based on the evidence that low dietary intake is linked
to adverse birth outcomes (Committee on Nutritional Status During Pregnancy and Lactation:
Institute of Medicine, 1990).
The IOM has summarized 11 studies that examine the nutrient intake of pregnant women.
The majority of these studies were conducted in low income women. Overall, intakes of protein,
riboflavin, vitamin B12, and niacin exceeded the RDA, while vitamin B6, D, E, folic acid, iron,
zinc, calcium and magnesium were substantially lower than the recommended daily allowances.
In past evaluations of WIC, calcium intake was notably lower in Black and Hispanic pregnant
women compared to non-Hispanic White women. Previous research has shown that pregnant
women participating in WIC had higher mean intakes of protein, iron, calcium, vitamin C,
magnesium, thiamin, riboflavin, niacin, vitamin B6, vitamin B12, and calories (Committee on
Nutritional Status During Pregnancy and Lactation: Institute of Medicine, 1990).
The Measurement of Food Insecurity
Prior to the development of instruments to measure food insecurity, nutritionists
depended on the measurement of nutritional status as a proxy (Kendall, Olson, & Frongillo,
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1995). This included anthropometric, clinical and biochemical measurements, which were
typically conducted in developing countries. What prompted the development of a measure for
food insecurity was the acknowledgement that in developed countries, malnutrition rarely
presents in the same manner and is more often associated with obesity rather than stunting or
wasting (Kendall et al., 1995). Additionally, malnutrition is not necessary for food insecurity to
be present even though malnutrition can be an outcome of food insecurity (Blumberg,
Bialostosky, Hamilton, & Briefel, 1999).
Several instruments have been developed to measure food insecurity. They typically fall
within five methods of measurement: 1) Food balance sheets, 2) household budget and spending
surveys, 3) individual food intake surveys, 4) anthropometric and biochemical assessments, and
5) measuring the perception of household food security or insecurity(Castell et al., 2015).
Some of the earliest measurement tools include a series of 4 questions developed through
the Community Childhood Hunger Identification Project in the 1980s and the Radimer/Cornell
hunger and food insecurity measure. The Radimer/Cornell survey is divided into three categories
that measure the adequacy of food quality and quantity at the household, adult and child levels,
and food-related anxiety at the household level (Castell et al., 2015). Each level includes
quantitative and qualitative components (Radimer et al., 1990). For example, at the household
level, a qualitative item is:
“We eat the same thing for several days in a row because we only have a few different kinds of
food on hand and don’t have money to buy more.”
A quantitative item is:
“The food that I bought didn’t last and I didn’t have money to buy more.”
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The household level additionally includes a food anxiety component:
“I worry whether my food will run out before I get the money to buy more.”
Prior to the development of this survey, several surveys incorporated questions about
food insecurity. The following question has been used since 1977 on the USDA Nationwide
Food Consumption Survey (NFCS) and the Continuing Survey of Food Intakes by Individuals
(CSFII):
“Which of the following statements best describes the food eaten in your household?”
Possible responses include: 1) Enough of the kinds of food we want to eat, 2) Enough but not
always the kinds of food we want to eat, 3) sometimes not enough to eat, 4) often not enough to
eat (Keenan et al., 2001).
The Expanded Food and Nutrition Education Program (EFNEP) Evaluating/Reporting
System has used and validated the following question:
“How often do you run out of food before the end of the month?”
Responses include 1) Do not run out of food, 2) Seldom, 3) Sometimes, 4) Most of the time, 5)
Almost always (Keenan et al., 2001).
U.S Household Food Security Survey module (HFSSM)
The U.S. Household Food Security Survey module (HFSSM) is the most robust and
widely used instrument available to measure the severity of food insecurity at the household
level(Castell et al., 2015; Keenan et al., 2001). It was developed as part of the U.S. Food Security
Measurement project initiated in the early 1990s by the USDA and the U.S Department of Health
and Human Services. The survey was derived through nonlinear factor analysis or the Rasch
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measurement model using data from the April 1995 Current Population Survey (CPS) (Blumberg
et al., 1999; Hamilton et al., 1997). It was first administered in 1995 as part of the National
Health and Nutrition Examination Survey (NHANES) (Castell et al., 2015).
The 18-item survey ranks households using a scoring system from 0 to 10, with 0
indicating the absence of food insecurity and 10 indicating the most severe form of food
insecurity. Questions span across five different themes including anxiety over the food budget
and supply, perceptions that food quality and quantity is adequate, restraints in food intake for
adults, restraints of food intake for children, and coping strategies used to increase the food
budget or supply (Hamilton et al., 1997). Three questions pertain to the household, seven
questions to adults and eight questions to children (Castell et al., 2015). Items 4, 6, 9, 12, 14, 16,
17 and 18 are used for households with children. A shorter 6-item version of the scale was
developed that excludes these questions, in addition to items 1, 11, 13 and 14. Appendix A
includes the full 18 item questionnaire (Blumberg et al., 1999).
The calculated score is used to classify respondents into four categories of food
insecurity. In the current version of the scale, categories include: 1) high food security, 2)
marginal food security, 3) low food security, and 4) very low food security (USDA, 2012). Prior
to 2006, the scale originally included: 1) Food secure, 2) Food insecure without hunger, 3) Food
insecure with moderate hunger and 4) Food insecure with severe hunger (Keenan et al., 2001).
The category of “very low food security” was added in 2005 prior to the removal of the word
“hunger” in 2006 (Himmelgreen & Romero-Daza, 2010). Since 1995, the USDA has published
annual statistics on the prevalence of food insecurity and “food insecurity with hunger” in the
United States using data from the Current Population Survey (Wunderlich, Norwood, 2006).
These statistics are used by government agencies, media, and advocacy groups to not only
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monitor the extent of food insecurity and hunger in the United States but to also examine the
progress towards reaching objectives and the effectiveness of food assistance programs
(Wunderlich & Norwood, 2006). Much controversy was generated when the USDA revised
category names, removing the word hunger entirely and renaming the most severe category as
“very low food security” (Himmelgreen & Romero-Daza, 2010). According to the USDA review
panel, the term “hunger” was removed in anticipation that a better scale would be developed to
measure hunger at the individual level. It was argued that food insecurity is a concept that occurs
at the household level and therefore the two concepts should not be incorporated within the same
measurement tool (Wunderlich & Norwood, 2006). However, until now the USDA has not
developed a validated tool to measure hunger in United States and the number of Americans
currently experiencing hunger is unknown.
According to Hamilton, the survey is based on the premise that as one moves through the
stages of food insecurity, coping strategies and coping efforts will change. The degree of food
insecurity is manifested by a managed process of efforts to cope with lack of food access and
availability (Hamilton et al., 1997).
Within each food insecurity category of the 18-item scale, there are threshold questions
that distinguish the placement of individuals from one category to the next (Blumberg et al.,
1999). Question 3 distinguishes “food secure” households from “food insecure without hunger”
households:
“[I/We] couldn’t afford to eat balanced meals.” Was that often, sometimes, or never true for you
in the last 12 months?
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Question 8 distinguishes “food insecure without hunger” from “food insecure with moderate
hunger” categories:
“[If #5=Yes] How often did (you or adults in your household ever cut the size of your meals or
skip meals because there wasn’t enough money for food)? Does this happen every month, almost
every month, some months but not every month, or in only 1 or 2 months?”
Question 13 distinguishes food insecure with moderate hunger from food insecure with severe
hunger:
“In the last 12 months, did you (or other adults in your household) ever not eat for a whole day
because there wasn’t enough money for food?”(Blumberg et al., 1999).
However, the presence of the response “often true” or “sometimes true” to one or more of
the other questions in each category is sufficient to move to the next category of questions even
if the threshold question does not elicit an affirmative response (USDA, 2012).
The United States Department of Agriculture (USDA) recommends the use of the
following question as a preliminary screening question before administering the scale. This
question should be administered in conjunction with questions about income to determine
eligibility (USDA, 2012):
“Which of the following statements best describes the food eaten in your household in the last 12
months: enough of the kinds of food (I/we) want to eat; enough, but not always the kinds of food
(I/we) want; sometimes not enough to eat; or, often not enough to eat?”
Scores are based on whether or not households have children present. A score of zero
indicates high food security, 1-2 marginal food security, 3-7 or 3-5 indicates low food security,
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and 8-18 or 6-10 indicates very low food security. According to the USDA, households are
considered food insecure only if they received a score corresponding to low or very low food
security (USDA, 2012).
It is usually used to measure food insecurity over the previous 12 months but it can be
modified to be used for different time periods. A shorter version exists to ask about food
insecurity over the last 30 days. The questions are modified to read “the last 30 days” instead of
“the last 12 months” where applicable (USDA, 2012) . For my proposed research, I’m interested
in establishing whether or not food insecurity occurred during pregnancy. To be able to
determine the degree of food insecurity during the gestational period, the questions could be
phrased as “during your pregnancy” instead of “during the last 12 months” or “during the last 30
days”. Several key questions follow up on this by asking how often the event occurred in the
time period specified (Hamilton et al., 1997). The survey can be modified to a 30-day period by
replacing “the last 12 months” with “the last 30 days” where needed (USDA, 2012).
A weakness of the HFSSM is that is identifies food insecurity at the household level, and
therefore food insecurity between adults and children in a household cannot be distinguished
(Castell et al., 2015). Adults may not be fully aware of the coping strategies children use to
account for food insecurity and may either underestimate or under-report their children’s coping
strategies and experiences. Previous research has shown that children are more likely to report
that they skip meals, reduce portion sizes and experience hunger, compared to their mothers.
This may be due in part to social desirability (Castell et al., 2015). The HFSSM is also time
consuming to administer.
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There has been a growing interest in developing and validating rapid assessment tools
based on one or two questions from the HFSSM and other scales (Bjornoy Urke, Cao, &
Egeland, 2014; Kleinman et al., 2007; Nolan, Rikard-Bell, Mohsin, & Williams, 2006). Research
found a sensitivity and specificity of 92.3% and 97.3%, respectively, for the question “In the last
12 months, were there times when it was not possible to feed children a healthy meal because
there was not enough money?” (Bjornoy Urke et al., 2014). Alternatively, the question “In the
last 12 months, were there times when the food for you or your family just did not last and there
was no money to buy more?” produced a sensitivity of 93.0% and a specificity of
93.4%(Bjornoy Urke et al., 2014).
The Household Food Insecurity Access Scale (HFIAS)
The U.S. Agency for International Development (USAID) manages the Title II food aid
program, the largest U.S. government program aimed at reducing hunger, malnutrition, and food
insecurity in developing countries (Swindale & Bilinsky, 2006). Through the USAID-funded
Food and Nutrition Technical Assistance Project (FANTA), the Household Food Insecurity
Access Scale (HFIAS) was developed as part of an effort to identify validated approaches to
measuring Title II program impacts on household food insecurity (Swindale & Bilinsky, 2006).
The Household Food Insecurity Access Scale (HFIAS) measures household access to food and
the degree of anxiety surrounding it’s procurement (Appendix D)(Carletto et al., 2013). The
scale includes nine questions that identify and rank the severity of the experience of food
insecurity. It has been validated for use cross-culturally and has shown to be reliable in numerous
settings (Carletto et al., 2013). It is the most widely used instrument for measuring food
insecurity in an international context (Maxwell, Vaitla, & Coates, 2014).
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Field validation studies conducted across numerous countries identified five common
experiences: 1) anxiety about the food budget and if it was sufficient to meet needs, 2)
perceptions of whether food quality and quantity was adequate, 3) reducing adult food intake, 4)
reducing child food intake, 5) coping strategies to increase the food budget and supply (Swindale
& Bilinsky, 2006). A score ranging from 0 to 27 is generated that can be further categorized into
four groups of severity: 1)Food Secure, 2)Mildly food insecure, 3) Moderately food insecure,
and 4)Severely food insecure (Maxwell et al., 2014). The Household Hunger Scale (HHS) is a
variant of the HFIAS that includes a subset of three questions relating to severe indications of
restricted food access (Maxwell et al., 2014). A strength of the HFIAS is that it was designed to
capture universal domains of food insecurity that appear to common across cultures and is
therefore convenient for cross-cultural research (Leroy, Ruel, Frongillo, Harris, & Ballard,
2015). The four domains are: 1) uncertainty in the long term, 2) worry in the short term, 3)
inadequate quality and limited variety of the diet, and 4) insufficient quantity(Leroy et al., 2015).
The Latin America and Caribbean Food Security Scale (ELCSA)
Another widely used food insecurity scale is the Latin America and Caribbean Food
Security Scale (ELCSA). It is an adaptation of the HFSSM, and derived through the Brazilian
Food Insecurity Scale and a food security survey from Colombia (Leroy et al., 2015). It is
mainly used in Central and South America, but has been adapted for use in other parts of the
world as well. It is comprised of 15 questions of which 7 pertain to households with children
(Leroy et al., 2015). Questions include asking participants whether they worry about obtaining
food, compromise on the quantity and quality, skip meals, cut portion sizes, limit dietary
diversity, and experience hunger due to financial constraints (Leroy et al., 2015). It was designed
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to capture inadequate quality, quantity and acceptability of food sources at the household level,
in addition to anxiety related to the unpredictability of access (Maxwell et al., 2014).
Coping Strategies Index
The Coping Strategies Index (CSI) determines the frequency and severity of coping
strategies used when households have limited food (Cordeiro, Wilde, Semu, & Levinson, 2012).
It has been widely adopted by the World Food Program and the United Nations Food and
Agriculture Organization’s Food Security and Nutrition Analysis Unit for Somalia (Maxwell et
al., 2014). It measures food insecurity indirectly by using behaviors related to food consumption
as a proxy (Maxwell et al., 2014). The purpose of the survey is to measure behavior and
perception. A single question is asked “What do you do when you do not have enough food, and
do not have enough money to buy food?” (Gebrehiwot & van der Veen, 2014). Responses are
combined into frequency scores and ranked based on perceived severity. A higher score reflects
greater attempts at coping and therefore greater food insecurity (Gebrehiwot & van der Veen,
2014). A reduced CSI was developed (rCSI) to measure coping behaviors that were found to be
universal across 14 different context specific CSI instruments (Maxwell et al., 2014).
Measurement of Stress
The Perceived Stress Scale is a widely used instrument to measure perceived stress. It is
recommended for use in examining the role of perceived stress in disease etiology and behavioral
disorders, as well as a measure of stress levels. The instrument has 10 items and is based on the
previously popular life event checklist. Appendix B includes the 10-item scale, although a 14item and 4-item scale have been validated (Cohen et al., 1983; Cohen & Williamson, 1988).
Through further instrument testing, Cohen recommends using the 10-item scale as the most valid
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and reliable measure of perceived stress (Monroe, 2008). When tested on a large probability
sample of the United States, the 14-item scale had a Cronbach alpha coefficient of 0.75 for
internal reliability, while the 10-item scale had an alpha coefficient of 0.78 and the 4-item scale
an alpha of 0.60 (Cohen & Williamson, 1988).
The PSS builds on previous instruments by incorporating new developments in stress
theory that postulate that psychological processes mediate the influence of environmental
stressors on an individual’s reaction to the event (Monroe, 2008). It is designed to measure the
degree to which life events are appraised as stressful and how stress contributes to the
development of adverse physical and mental health outcomes(Cohen et al., 1983). Unlike
previous instruments, the PSS acknowledges individual variability of perception (Monroe, 2008).
It builds on Lazarus’ theory that stress reactions are not solely based on the number of stressful
events but are amplified or attenuated depending on an individual’s appraisal of the event.
Lazarus’ theory states that health outcomes linked to stress are dependent on an individual’s
interaction with the environment, their appraisal of threatening events and their coping resources
(Cohen & Williamson, 1988; Lobel & Dunkel-schetter, 1990; Lazarus, 1990). The individual’s
appraisal and response to an event is explained in Lazarus’ transactional model of stress and
coping. The model incorporates person-environment interactions that are based on primary and
secondary cognitive appraisals. A primary appraisal occurs when an individual judges the
severity of the stressful event and their perceived vulnerability to the stressor. Secondary
appraisal occurs as an individual evaluates the coping resources available to them, their degree of
perceived control over the stressful event, and their belief that they have the ability to effectively
deal with the situation (Thomas et al., 2014; Zureck et al., 2015;Glantz, 2008). The constructs of
the model are built into the questions of Cohen’s scale (Appendix A). Cohen based the scale on
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Lazarus’ theory which he summarized as being comprised of three components: 1) a lack of
control over one’s life (locus of control), 2) a lack of predictability in one’s life, and 3) feeling
overloaded (Cohen et al., 1983). The PSS is therefore intended to be a global measure of
individual interpretation of stress and not solely a summation of the number of stressful events
(Cohen et al., 1983). It can account for chronic stress, stress related to future and past events,
reactions to particular events listed as well as those not listed (Cerclé, Gadéa, Hartmann, &
Lourel, 2008).
Items are scored on a 5-point Likert scale that includes the response options: 0=Never,
1=Almost Never, 2=Sometimes, 3=Fairly Often, 4=Very Often. Items #2, 4, 5, 7, 8 and 9 relate
to the locus of control component, while question #1 relates to the lack of predictability
component, and questions #3, 6 and 10 relate to the perception of being overloaded. However,
there appears to be some overlap between the three constructs depending on the interpretation of
the questions.
The scale is scored by reversing the numbers of the Likert scale for the positive items
(questions #4, 5, 6, 7, 9, 10 and 13) and then adding all 10 items (Kopp et al., 2010). Negative
items in the scale are thought to measure perceived stress or the appraisal of a stressful event
(feeling annoyed, being unable to control things, feeling nervous) while positive items are
thought to measure perceived control or secondary appraisal of the stressful event (succeeding in
coping, coping with worries, and feeling confident (Cerclé, Gadéa, Hartmann, & Lourel, 2008).
Other researchers who further tested the PSS interpreted perceived control as perceived coping
(Cerclé et al., 2008).
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The predictive validity of the PSS is thought to decrease after four to eight weeks
following administration because of changes in life circumstances that affect the perception of
stress (Cohen et al., 1983). It is designed to measure perceived stress over the previous month.
The PSS is sensitive to fluctuations in stress over time and is a valid measure for collecting
repeated measures (Lobel & Dunkel-schetter, 1990). A study conducted on an ethnically diverse
sample of adults with varying levels of literacy determined that there were differences across
ethnicity and literacy levels for items 6, 7 and 10 of the 10-item PSS (Sharp, Kimmel, Kee,
Saltoun, & Chang, 2007). The PSS has previously been used for studying the effects of
perceived stress on health behaviors, including dietary behaviors. One study used the PSS to
examine stress-induced eating among African Americans while another examined the role of
perceived stress in emotional eating among adolescents (Nguyen-Rodriguez, Chou, Unger, &
Spruijt-Metz, 2008; Sims et al., 2008). The scale has also been used to study perceived stress
among food insecure women using SNAP benefits to determine the association between stress
and BMI (Jilcott, Wall-Bassett, Burke, & Moore, 2011).
Neighborhood Deprivation Indices
Various indices exist to measure neighborhood deprivation, all of which vary in terms of
variables included and methodology used. The earliest and most well-known indices were
developed in Scotland in the 1980’s using postcode sectors and the 1981 Census Small Area
Statistics (Morris & Carstairs, 1991). They were developed for the purpose of identifying areas
that needed additional health care resources and for studying the impact of deprivation on health.
These are the Townsend Index, the Carstairs-Morris Index, and the Jarman Score.
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Deprivation indices are not consistent in their selection of variables, yet they all measure
the same construct. Consequently, researchers have attempted to compared indices and their
choice of variables. Unemployment is most commonly used as a variable in the development of
deprivation indices. Other variables commonly used in the earliest indices include overcrowding,
single-parent families, car ownership, home ownership and low social class (with varying
definitions) (Morris & Carstairs, 1991). Interestingly, education, crime, female-headed
households, type of employment, % living below the federal poverty line, households receiving
welfare benefits, and disability only appeared in later indices (Messer et al., 2006; Robert
Pampalon & Raymond, 2006; Vos, Posthumus, Bonsel, Steegers, & Denktaş, 2014). Other
variables that are less commonly used include lack of neighborhood amenities, under age 5,
elderly households and lone pensioners, first year immigrants, ethnic minorities, number of
vacant residences, level of access to services and amenities, chronic illness and large households
(Morris & Carstairs, 1991).
The Carstair-Morris Index includes male unemployment, overcrowding, car ownership
and low social class as measures of deprivation (Yun, Kim, & Son, 2016). The Townsend index
uses a similar approach to the Carstairs and Morris Index. It includes male unemployment,
overcrowding, car ownership and home ownership (Yun et al., 2016). Townsend has
recommended dividing material and social deprivation, stating that material deprivation
originates from a lack of ‘goods, services, resources, amenities, physical environment and
location of life, while social deprivation is defined as the lack of ‘access to ordinary social
customs, activities and relationships’ (Messer et al., 2006).The Jarman Score is a continuous
measure that combines unemployment, overcrowding, single parents, under-fives, elderly living
alone, ethnicity, low social class and residential mobility. The Jarman Score was created by
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weighting all eight variables based on a national survey that identified how the variables
impacted general practitioner workloads (Morris & Carstairs, 1991; Vos et al., 2014).
In a study comparing these three deprivation indices, indicated a high level of correlation
between the Carstairs-Morris and the Townsend indices with a correlation coefficient of 0.960. A
low correlation was found between the Jarman Score and the Townsend Index at 0.801.
Additionally, selected health indicators correlated the most with the variables included in the
Carstairs-Morris index (Morris & Carstairs, 1991).
More recent indices were created using principal component analysis (PCA) to determine
the extent of inter-correlation between variables and to identify the amount of weighting that
needs to be included for each variable. This approach creates factor score coefficients that are
then further used as separate measures of deprivation, for example, material and social
deprivation (Morris & Carstairs, 1991; Robert Pampalon & Raymond, 2006). An index by
Pampalon was developed in Canada using PCA and included 6 variables that were reduced to
two factors: social and material deprivation(R. Pampalon, Hamel, Gamache, Simpson, &
Philibert, 2014; Robert Pampalon & Raymond, 2006). Several indices have been developed
using log transformation and weighting of variables.
Messer et al. created and validated an index in the United States using PCA. A weighted
composite score of variables collected at the census tract level included % of people living below
the federal poverty line, crowded households (>1 person/room), female-headed households,
adults unemployed, adults without a high school degree or GED, households receiving welfare,
households with annual income less than $30,000 and adults employed in management or
professional positions (Kramer, Dunlop, & Hogue, 2014; Messer et al., 2006). This index is the
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most commonly used to study the association between neighborhood deprivation and pregnancy
and birth outcomes in the United States.
Neighborhood Deprivation and Health
Numerous adverse pregnancy outcomes have been found to be associated with
neighborhood deprivation including small-for-gestational age infants, large-for-gestational age
infants, infant mortality, preterm birth, stillbirth, and low birth weight (Metcalfe, Lail, Ghali, &
Sauve, 2011; Opatowski et al., 2016; Poeran et al., 2013; Vos et al., 2014; Wentz, Messer,
Nguyen, & Boone-Heinonen, 2014; Yun et al., 2016). A study conducted in France examining
the effect of neighborhood deprivation and birth outcomes found that neighborhood deprivation
was associated with increased risk of small-for-gestational age (SGA) and abnormal head
circumference at birth only for mothers living in rural areas. Spatial accessibility of prenatal care
did not account for the difference in rural and urban risks (Bertin, Viel, Monfort, Cordier, &
Chevrier, 2015). The risk for large-for-gestational age infants has also been found to be higher in
deprived neighborhoods (Wentz et al., 2014). It is thought that this may be because
neighborhoods with high levels of deprivation may also expose residents to more obesogenic
environments (Pearce, Blakely, Witten, & Bartie, 2007; Wentz et al., 2014). The travel distance
to fast food outlets is twice as far in the least deprived neighborhoods compared to high
deprivation neighborhoods (Pearce et al., 2007). In contrast, SGA is thought to operate through
stress-related pathways (Wentz et al., 2014). It is thought that living in a neighborhood of high
deprivation may lead to increased physiological stress and psychosocial distress (Yang, Kestens,
Dahhou, Daniel, & Kramer, 2015). Neighborhood socio-economic environment has been used in
previous research as a proxy measure of life course stressors and promoters of maternal health
and pregnancy outcomes (Culhane & Elo, 2005; Morenoff, 2003). A study conducted in
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Montreal examining the association between neighborhood level deprivation and maternal
psychosocial stress concluded that neighborhood material deprivation explained the observed
effect considerably more than social deprivation. However, the researchers also found that any
observed association disappeared when accounting for individual socio-economic status (Yang et
al., 2015). A study examining the association between maternal cortisol levels and deprivation
found that women with higher deprivation index scores had significantly higher evening cortisol
levels in late pregnancy but did not have higher morning cortisol levels (Thayer & Kuzawa,
2014). The infants of mothers with higher deprivation index scores had higher cortisol levels in
response to being vaccinated (Thayer & Kuzawa, 2014).
The risks of SGA and LGA associated with neighborhood deprivation varies based on
maternal race (Wentz et al., 2014). In response to neighborhood deprivation, white women at
more likely to deliver an LGA infant while there was a negative association between
neighborhood deprivation and risk of LGA among black women (Wentz et al., 2014). Black
women are twice as likely to give birth to an SGA infant (Elo et al., 2009). Neighborhood factors
have been found to account for 15% of the racial disparity in preterm birth (Schempf, Kaufman,
Messer, & Mendola, 2011). This effect was more pronounced for preterm birth between 32 and
36 weeks of gestation compared to preterm birth <32 weeks (Schempf et al., 2011). Research
has shown that black and Hispanic women are more likely to gain inadequate weight during
pregnancy compared to white women (Headen, Davis, Mujahid, & Abrams, 2012). Black women
are more likely to retain excessive weight postpartum compared to their counterparts (Headen et
al., 2012). Racial disparities in pregnancy outcomes are well established with black women
having twice the infant mortality rate, twice the rate of preterm birth and two to three times more
likely to have a low birth weight infant compared to white women (Culhane & Elo, 2005;
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Headen et al., 2012; Schempf et al., 2011; Vinikoor-Imler, Messer, Evenson, & Laraia, 2011).
Given that inadequate gestational weight gain has been shown to increase the risk for preterm
birth, it is plausible that part of the increased risk for preterm birth among black women may be
attributable to differences in gestational weight gain. Due to residential segregation of racial
groups in the U.S., black women are more likely to live in deprived neighborhood environments
with limited access to healthy foods (Culhane & Elo, 2005; Mendez et al., 2014; Williams &
Collins, 1974). One study conducted in North Carolina noted that almost half of black women
lived in neighborhoods ranked highest for deprivation compared to 7% of white women
(Schempf et al., 2011). This may contribute to the higher rates of inadequate gestational weight
gain among black women and also to the higher rates of obesity.
A study conducted in Sweden examining the association between neighborhood
deprivation and pre-pregnancy obesity found that seven percent of the variation observed in
obesity prevalence was due to neighborhood level characteristics. Researchers also found that
obesity doubled in neighborhoods that ranked high on deprivation (Sellström, Arnoldsson,
Alricsson, & Hjern, 2009). Women aged 35 and older were 1.43 times more likely to be obese
compared to younger women (Sellström et al., 2009). Each increase in category of neighborhood
deprivation increased the risk of obesity in women. Women who lived in neighborhoods with no
healthy food options were 1.14 times more likely to have a pre-pregnancy weight greater than
200 lbs. (Janevic, Borrell, Savitz, Herring, & Rundle, 2010). Deprivation in pregnancy has been
associated with diets poor in nutrients thought to support healthy pregnancy outcomes and high
in processed foods (Haggarty et al., 2009).
The research between neighborhood deprivation and gestational weight gain is scarce.
Only four studies have examined this association. One study examined the association in
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Pittsburgh using a census track level neighborhood deprivation index. Results indicated that
black women were more likely to live in socioeconomically disadvantaged neighborhoods and
were more likely to have inadequate weight gain compared to white women. In addition, midhigh to high neighborhood deprivation was associated with inadequate weight gain. There was
no association found for excessive weight gain. Both white and black women showed an
association between increasing neighborhood disadvantage and inadequate weight gain,
however, white women displayed a more consistent, linear trend (Mendez et al., 2014). High
neighborhood disorder expressed through physical incivilities was found to be associated with
increased odds of smoking and inadequate weight gain for both black and white women living in
North Carolina (Messer et al., 2006). It was also found to be associated with increased odds of
pregnancy induced hypertension, low birth weight and preterm birth for white women but not for
black women (Messer et al., 2006).
Neighborhoods with poor housing conditions and high levels of physical disorder are
associated with both excessive and inadequate gestational weight gain, and with lower levels of
physical activity during pregnancy (Laraia, Messer, Evenson, & Kaufman, 2007; Vinikoor-Imler
et al., 2011). Every increase in neighborhood social spaces, including parks and places where
communities can gather, has shown to decrease the risk of inadequate gestational weight gain by
25% and lower the risk of excessive gestational weight gain by 31% (Laraia et al., 2007).
Neighborhoods with higher levels of social spaces are less likely to be further than 3 miles away
from the nearest grocery store (Laraia et al., 2007).
Theoretical Contributions
Understanding the relationships between neighborhood deprivation, food insecurity,
stress and pregnancy outcomes can help to design effective interventions. This research will help
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to inform the literature on the significance of each construct in modifying weight gain among
pregnant women. The IOM recently called for more research into developing new evidencebased theoretical frameworks for obesity prevention (Davis et al., 2012). The proposed research
will help to inform this initiative by examining different testable pathways for gestational weight
gain in pregnancy that can lead to disparities in obesity among women and to poor birth
outcomes.
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CHAPTER 3:
METHODS

Research Questions
1) What is the association between neighborhood deprivation and gestational weight gain in
pregnant women?
2) Do select maternal characteristics mediate the relationship between neighborhood deprivation
and gestational weight gain in pregnant women (i.e. maternal age, previous live birth, prepregnancy BMI)?
3) What is the relationship between food insecurity and gestational weight gain in pregnant
women?
4) What is the interaction between food insecurity and stress on gestational weight gain?
5) Do select maternal characteristics mediate the relationship between food insecurity and
gestational weight gain in pregnant women (i.e. maternal age, previous live birth, pre-pregnancy
BMI)?
Overview
Two separate secondary data analyses were conducted to answer research questions #1
and #2, and research questions #3, #4 and #5. The first secondary data analysis was conducted
using a merged dataset of Florida Vital Statistics and a Neighborhood Deprivation Index created
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from the American Community Survey. The second secondary data analysis was conducted
using the Pregnancy Risk Assessment Monitoring System (PRAMS).
Neighborhood Deprivation and Gestational Weigh Gain (Research Questions #1 and #2)
Creating the Neighborhood Deprivation Index
A neighborhood deprivation index was created using the American Community Survey
for the period of 2006 through 2014 (Florida Department of Health, n.d.; United States Census
Bureau, n.d.). The index is based on the Messer Index which uses principal component analysis
to incorporate eight socio-demographic indicators of deprivation including: the percent of males
in management or professional occupations, the percent of crowded housing (more than 1
occupant per room), the percent of households in poverty, the percent of female headed
households with dependents, the percent of households on public assistance, the percent of
households earning less than $30, 000 per year, the percent of residents aged 25 and older who
have less than a high school diploma, and the percent of residents aged 16 and older who are
unemployed (Messer et al., 2006). The Messer Index has been previously used and validated to
study neighborhood deprivation in the United States.
The deprivation index was generated for each time period of 2006 to 2010 and 2010 to
2014 separately using principal component analysis. All census tracks in Florida were used to
generate the index. The census tracts were defined based on the 2010 Census. Census tracks
with missing values or zeros for their population estimates were excluded from the principal
component analysis. Variables were examined for skewness and log transformed when a positive
skew of 0.8 or greater was identified. A total of 6 out of 8 variables were found to be positively
skewed above the cutoff. In order to preserve zeros for the principal component analysis and to
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be able to log transform, a value of 0.0000001 was added to all observations. This was done so
that more affluent census tracts would not be excluded from the analysis since observations with
zeros in any variable are by default excluded from principal component analysis procedures. The
principal component included varimax orthogonal rotation with a cutoff of 0.25 for factor
loadings. Once the principal component was generated, the component scores were output and
components were assessed. The eigenvalue-one criteria was used for retention of components.
Only the first component was retained in the final creation of the index. The census tract scores
generated by the index were then divided into quartiles of deprivation (1-least deprived, 4-most
deprived).
The census tracts were then restricted to four Metropolitan Statistical Areas (MSA):
Tampa Bay-St-Petersburg-Clearwater, Miami-Fort Lauderdale-Pompano Beach, Jacksonville
and Orlando-Kissimmee based on census tract definitions for the 2010 Census. These MSAs
were chosen since they rank as the most densely populated in Florida. Quartiles of neighborhood
deprivation were mapped by census tract with the 1st quartile representing the least deprived
neighborhoods and the 4th quartile representing the most deprived neighborhoods. Eight maps
were generated for the two time periods (2006-2010, 2010-2014) using 2010 census tract shape
files downloaded from the ACS. The maps generated show neighborhood deprivation at the
census tract level and compare changes over time. Maps were generated using ArcGIS mapping
software.
The index was linked to vital records using geocodes. The final dataset combines
maternal and infant outcomes, maternal socio-demographics and neighborhood deprivation
scores as quartiles. The maternally-linked file available through the Bureau of Vital Statistics
was used in order to be able to cluster births by mothers. A census tract neighborhood
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deprivation score was assigned to each maternal record based on the year and census tract of
residence at the time of birth. Maternal records from 2010 were assigned the more recent version
of the index (2010-2014).
The final dataset was used to run bivariate analyses to determine differences in maternal
outcomes and sociodemographic characteristics by quartile of neighborhood deprivation and by
gestational weight gain. The socio-demographic characteristics of the final sample are
summarized in Tables 1a, 1b, 2a and 2b. Multilevel regression modelling was conducted to
determine the association between neighborhood deprivation and gestational weight gain, and
whether this association was mediated by maternal age, pre-pregnancy BMI and previous live
birth. Several models were generated starting with the null model to assess the ICC. Separate
models were run for three outcomes: whether or not women met the IOM guidelines for their
BMI, whether women gained below the IOM range, and whether women gained above the IOM
range. The second model generated after the unconditional model included only level 1 fixed
effects. The third model included only the level 2 fixed effects. The final model included the
level 1 and level 2 fixed effects. SAS 9.4 was used to conduct all statistical analyses (SAS
Institute, Cary NC).
Measurement of Gestational Weight Gain
Gestational Weight Gain Assessment
The pre-pregnancy weight served as the baseline for determining weight gain during the
pregnancy. The difference between pre-pregnancy weight and weight at delivery was calculated
to determine the total pregnancy weight gain. Body mass index (BMI) was calculated using
height and weight at pre-pregnancy. Pre-pregnancy BMI was used to determine if the total
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weight gain falls within the range recommended by the Institute of Medicine (IOM). Further
information on the IOM guidelines can be found in Table A, Appendix D. Women were
categorized on pre-pregnancy BMI and whether or not they met the IOM gestational weight gain
guidelines for their BMI.
Inclusions/Exclusions
Only singleton term pregnancies that lasted between 37 weeks and 42 weeks were used in
the analyses. The clinical gestational age estimate was used to determine the length of gestation.
Women younger than 18 years old or older than 45 were excluded from the analyses. Based on
the available data, it was not possible to distinguish between women who had Type I diabetes
and women with Type II diabetes before pregnancy. Therefore, diabetes was not adjusted for in
the final analyses. Cases were defined as women who do not meet weight gain recommendations
for their pre-pregnancy BMI status. This included women who gained in excess and women who
gained inadequate weight.
Florida Vital Statistics Data
Table B (Appendix D) summarizes the vital statistics variables from 2006 to 2014 that
were merged with the neighborhood deprivation index and used in the analyses.
Multilevel Regression Modelling
Multilevel logistic regression modelling was conducted to determine the association
between neighborhood deprivation and gestational weight gain in pregnancy. Multilevel logistic
regression modelling was chosen in order to avoid ecological fallacy by accounting for data
collected at different units of measure (individual vs. household). Unadjusted and null models
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were performed first, and then models were adjusted for maternal characteristics and pregnancy
complications that may impact weight gain. Pregnancies were nested by mother (level 1),
mothers were nested by census tracts (level 2) and census tracts were nested by major
metropolitan area (level 3). Maternal characteristics were included in the models as level 1
variables, while quartiles of neighborhood deprivation were included as level 2 variables. Crosslevel interaction terms were included in the model to examine 1) the combined effect of
deprivation and maternal age, and 2) the combined effect of a previous live birth and deprivation
on gestational weight gain.
Model:
Gestational weight gain = Deprivation + Maternal age + Pre-pregnancy BMI + Previous live birth +
Deprivation*Age + Deprivation* Previous live birth

PRAMS Secondary Data Analysis (Questions #3, #4 and #5)
PRAMS was used to answer research questions #3, #4 and #5. The relationship between
food insecurity in pregnancy and gestational weight gain, as well as the role of parity and
maternal age in mediating this relationship was assessed. The Pregnancy Risk Assessment
Monitoring System (PRAMS) is a joint initiative of the Centers for Disease Control and
Prevention (CDC) and state health departments. Population-based data is collected on the
attitudes and experiences of women during pregnancy and in the postpartum period (CDC, n.d).
PRAMS is the only nationally respresentative dataset that combines psychosocial variables,
including food insecurity, with pregnancy-related outcomes such as weight gain. Additionally,
the data are linked to vital statistics which are essential for carrying out complex analyses where
adjustment variables are needed in regression modelling. The PRAMS questionnaire contains
two sections, a core section that is used by all participating states and a standard or state-specific
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section that includes questions either drawn from a list developed by the CDC or by states. Data
is collected either through a self-administered version or an interviewer-administered version of
the questionnaire. For this study, data will be used from the Phase 7 Core and Standard questions
that were collected from 2012 to the present. The variables used to conduct the analyses are
summarized in Tables C and D (Appendix D).
Food insecurity, the main independent variable, was identified by using question P14
under section C (Food Insufficiency) of the Phase 7 Topic Questionnaire: “During the 12 months
before your new baby was born, did you ever eat less than you felt you should because there
wasn’t enough money to buy food“. This question is similar to question 8 of the HFSSM which
was originally used to distinguish food insecurity without hunger from food insecurity with
moderate hunger (“How often did you or adults in your household ever cut the size of your meals
or skip meals because there wasn’t enough money for food? Does this happen every month,
almost every month, some months but not every month, or in only 1 or 2 months?”). This
question has also been validated previously for use as a one question rapid assessment tool
(Bjornoy Urke et al., 2014). Six states (Colorado, Maine, New Mexico, Oregon, Pennsylvania,
and Vermont) have incorporated this question into the PRAMS survey. Data were combined
from these states for the period of 2012 through 2013 to conduct the analyses.
Women were categorized as being food insecure or food secure. Additionally, women
were divided into three categories of whether or not they met the IOM gestational weight gain
recommendations based on pre-pregnancy BMI. The total overall weight gain for the pregnancy
was calculated by subtracting the pre-pregnancy weight from the delivery weight. Total number
of stressful events was used to define the level of exposure to stress. Stressful events include
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whether or not a women reported experiencing the following in the last 12 months: arguing a lot
with her partner, the pregnancy was unwanted by her partner, she couldn’t pay her bills, her
partner is in jail, drug abuse, death of someone she was close to, a family member was ill,
divorce, she was homeless, partner lost job, she lost her job, a reduction in work pay, she was
apart from her partner due to work-related absences.
Data Analysis
Chi-square tests were used to determine differences in maternal socio-demographics and
selected outcomes by food insecurity and by gestational weight gain. Multinomial logistic
regressions were conducted to determine the associations between food insecurity and total
gestational weight gain. Further regressions were performed to determine how maternal age, prepregnancy BMI, stress and previous live birth interact with food insecurity to mediate the
association with gestational weight gain. SAS 9.4 was used to conduct all analyses (SAS
Institute, Cary NC).
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CHAPTER 4:
RESULTS
The following section summarizes the results of the secondary data analyses that were
conducted to determine the association between neighborhood deprivation and food insecurity on
gestational weight gain using PRAMS and Vital Statistics as secondary data sources. Principal
component analysis was used to generate a neighborhood deprivation index based on the Messer
Index using data from the ACS (Messer et al., 2006). The neighborhood deprivation index was
mapped for the following four MSAs: Tampa Bay-St-Petersburg-Clearwater, Miami-Fort
Lauderdale-Pompano Beach, Jacksonville and Orlando-Kissimmee. Multilevel modeling was
used to determine if neighborhood deprivation increased the likelihood of not meeting
gestational weight gain guidelines and if this was mediated by a previous birth, pre-pregnancy
BMI and by maternal age. Using the PRAMS data, multinomial logistic regression was used to
determine if food insecurity increased the odds of not meeting IOM gestational weight gain
recommendations and if this association was mediated by select maternal characteristics.
Neighborhood Deprivation Index
Principal Component Analysis
The neighborhood deprivation index was created based on the methodology used by
Messer et al. (Messer et al., 2006). The following eight socio-demographic indicators of
deprivation were downloaded from the ACS for the years 2006 to 2010 and 2010 to 2014: the
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percent of males in management or professional occupations, the percent of crowded housing
(more than 1 occupant per room), the percent of households in poverty, the percent of female
headed households with dependents, the percent of households using public assistance, the
percent of households earning less than $30, 000 per year, the percent of residents aged 25 and
older who have less than a high school diploma, and the percent of residents aged 16 and older
who are unemployed (Messer et al., 2006). The Messer Index has been previously used and
validated to study neighborhood deprivation in the United States. The results of univariate
analyses to determine whether the data were normally distributed indicated that 6 of the 8
variables were positively skewed above a cutoff of 0.8. The two variables that were not skewed
included the percent with incomes below $30,000 and the percent of males in professional
occupations. Log transformation was used to account for the positively skewed distribution.
Census tracts with population estimates of zero were excluded from the analyses. A value of
0.0000001 was added to all observations for the 6 variables before log transformation was
performed and the principal component was run. This was done to preserve zeros in the dataset
as census tracts with numerous zeros may indicate more affluent neighborhoods and observations
with zeros cannot be log transformed and are excluded in principal component analysis
procedures.
The index items, corresponding factor loadings and communality estimates for the rotated
factor pattern generated from the principal component analysis for the 2006-2010 index are
summarized in Table 1. The Kaiser-Guttman criterion was used to include only components that
had eigenvalues above one for further analysis. The combined first two components accounted
for 50% of the total variance, with the first component accounting for 36% of the total variance.
The scree test indicated that the first component was significantly more meaningful. All eight
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variables loaded on the first component. Only the first component was selected for further
analyses. The eigenvalue for the first component was approximately 2.887.
Table 1: Principal component analysis rotated factor pattern and communality estimates of neighborhood
deprivation, 2006-2010
Index Items
Component 1
Component 2
Communality estimate
Female-headed households
0.02
0.78
0.61
Below the poverty level
0.46
0.41
0.38
Income less than $30,000
0.87
-0.02
0.75
Public Assistance
0.28
0.45
0.28
Crowded Housing
0.35
0.46
0.33
Unemployment
0.05
0.73
0.54
Males in Professional Occupations -0.80
-0.16
0.67
Less than High School
0.52
0.45
0.48

The principal component results for the 2010-2014 index are summarized in Table 2. The
combined first two components accounted for 53% of the total variance, with the first component
accounting for nearly 40% of the total variance. The scree test indicated that the first component
was significantly more meaningful than other components. All eight variables loaded on the first
component. Only the first component, which had an eigenvalue of 3.17, was selected for further
analyses.
Table 2: Principal component analysis rotated factor pattern and communality estimates of neighborhood
deprivation, 2010-2014
Index Items
Component 1
Component 2
Communality estimate
Female-headed households
-0.02
0.82
0.68
Below the poverty level
0.66
0.33
0.55
Income less than $30,000
0.87
0.01
0.76
Public Assistance
0.30
0.50
0.34
Crowded Housing
0.23
0.59
0.40
Unemployment
0.23
0.55
0.35
Males in Professional Occupations -0.75
-0.22
0.61
Less than High School
0.66
0.34
0.55

Once the deprivation scores were output and divided into quartiles, neighborhood
deprivation was summarized and mapped by MSA as shown in Table 3 and maps in Appendix C.
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The changes in overall neighborhood deprivation by time period and MSA for all women are
shown in Table 3. The quartiles shown in Table 3 were generated separately for each time period
based on time period specific cutoffs for deprivation scores. For 2006 to 2010, Jacksonville had
the highest rate of least deprived neighborhoods and the lowest rate of most deprived
neighborhoods. This changed in 2010 to 2014 where the percent of least deprived neighborhoods
decreased by 3.1% and the percent of most deprived neighborhoods increased by 1.9%. Miami
had the highest percentage of least deprived neighborhoods in 2010-2014. However, Miami also
had the highest percentage of most deprived neighborhoods during the same time period. The
percentage of most deprived neighborhoods increased for all MSAs from 2006-2010 to 20102014 except for Miami. Nearly one third of neighborhoods in Miami were ranked as most
deprived and over one third were ranked as least deprived. The percentage of least deprived
neighborhoods decreased from one time period to the next for Orlando and Jacksonville, while
the percentage in Tampa remained the same. However, differences were not found to be
statistically significant.
Table 3: The distribution of neighborhood deprivation by MSA for 2006-2010 and 2010-2014
for all women using separate deprivation score cutoffs
MSA

Tampa
Orlando
Miami
Jacksonville

1-Least
deprived
25.9%
28.8%
29.0%
31.4%

2006-2010
2
3
24.1%
26.7%
23.1%
26.7%

27.1%
26.2%
20.0%
25.2%

4-Most
deprived
22.9%
18.3%
28.0%
16.7%

1-Least
deprived
25.9%
25.7%
30.9%
28.3%

2010-2014
2
3
24.6%
30.1%
20.7%
27.9%

24.8%
24.4%
21.2%
25.2%

4-Most
deprived
24.7%
19.8%
27.2%
18.6%

P=0.3
Table 4 compares the changes in neighborhood deprivation using the quartile cutoffs for
the 2006 to 2010 time period applied to the 2010 to 2014 time period. Using these cutoffs, there
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is a smaller change in the percent of most deprived neighborhoods and a greater change in
percent of least deprived neighborhoods between time periods compared to Table 3.
Table 4: The distribution of neighborhood deprivation by MSA for 2006-2010 and 2010-2014
for all women based on 2006-2010 deprivation score cutoffs for quartiles
MSA

Tampa
Orlando
Miami
Jacksonville

1-Least
deprived
25.9%
28.8%
29.0%
31.4%

2006-2010
2
3
24.1%
26.7%
23.1%
26.7%

27.1%
26.2%
20.0%
25.2%

4-Most
deprived
22.9%
18.3%
28.0%
16.7%

1-Least
deprived
25.5%
25.5%
30.5%
27.9%

2

2010-2014
3

24.8%
30.3%
21.0%
27.9%

25.8%
25.2%
21.6%
26.0%

4-Most
deprived
23.9%
19.0%
26.9%
18.2%

P=0.3
Maps of Four Cities
Maps of neighborhood deprivation are shown in Appendix C. Neighborhood deprivation
is ranked from 1-‘least deprived’ in yellow to 4-‘most deprived’ in dark blue. Maps are shown
for both 2006-2010 and 2010-2014 time periods to compare changes in deprivation over time.
For the period of 2006-2014, the majority of neighborhoods that ranked most deprived
were in the far eastern and western regions of Pasco County, particularly along the Gulf Coast. In
Hillsborough County, the most deprived neighborhoods spanned from the International Airport
to east of the downtown core and south along the bay. Neighborhoods around Plant City and
further south in Wimauma showed high levels of deprivation. St-Petersburg had most
neighborhood deprivation concentrated around the downtown area and in the center of the
County. In 2010-2014, regions of Pasco County that previously ranked high for deprivation
improved, particularly in the center of the County. In Hillsborough, areas east of downtown,
Riverview and Plant City worsened while parts of Wimauma improved slightly.
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The majority of neighborhoods that ranked highest for deprivation in Miami for 20062010 were found in the downtown core near the International Airport. Census tracts near the
Everglades and those surrounding Lake Okeechobee also had high levels of deprivation. In 20102014 several census tracts in downtown Miami improved from most deprived to second most
deprived, while census tracts that were previously least deprived near Lake Okeechobee
increased in deprivation to second least deprived.
Jacksonville had the highest concentration of most deprived neighborhoods in the
downtown area and areas west of the city towards central Florida. In 2010-2014, areas north and
south of the downtown core improved while most census tracts remained the same.
The most deprived neighborhoods were found in the central region of Orlando and areas
on the outskirts of the city near Lake George, west of Lake Apopka and areas surrounding Lake
Kissimmee. In 2010-2014, some census tracts in these areas improved while most remained
unchanged. Neighborhoods in the downtown central portion of the city worsened while many
remained the same.
Neighborhood Deprivation and Gestational Weight Gain
The neighborhood deprivation index scores were merged to Florida Vital Statistics for
2006 to 2014. Maternal records from 2006 mostly used the 2000 census tract definitions while
the index was based on the 2010 census tract definitions. However, the observations from 2006
were still included in the analyses since the definitions from 2000 to the 2010 versions have not
changed extensively and therefore differences will not contribute to significant misclassification
of neighborhood deprivation scores. The majority of census tracts merged with those in the
index. The census tracts that did not merge with the index were excluded from the final sample.
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After the exclusion criteria were applied, there were a total of 1,019,795 observations in
the final dataset. A total of 64,046 observations were deleted to restrict the sample to singleton
pregnancies, 46,244 observations were deleted because women were not between 18 and 45
years old, and 170,460 observations were removed because the gestational period did not extend
to at least 37 weeks or extended beyond 42 weeks. The sample was restricted to women living in
the four MSAs previously mentioned to account for city level in the multilevel models and to
allow comparisons with the maps generated using the index. Another 686,617 observations were
deleted to account for this. Observations with missing values on gestational weight gain, prepregnancy BMI and stress were also excluded from the analysis. Separate analyses were
conducted on women who had more than one birth reported between 2006 and 2014 and women
who only had one birth reported during this time period. This was done to observe differences by
pregnancy within each mother and also to account for intra-mother variability. The four level
model was too large to successfully run. Binary outcome models were first conducted to
determine the effects of neighborhood deprivation on whether or not women met the IOM
criteria for weight gain. This was followed by separate binary models to determine the
association between neighborhood deprivation and either weight gain above the recommendation
or weight gain below the recommendation. Binary models were run after multinomial models
failed to converge.
Maternal socio-demographic characteristics by gestational weight gain and neighborhood
deprivation are presented in Tables 5a to 6b. Two tables were created for both the main predictor
and outcome to highlight differences across rows and columns. The columns in Table 5a and 6a
add to 100% while the rows in Tables 5b and 6b add to 100%. Overall, all maternal
characteristics were found to be significantly different at a p-value<0.0001 except for gestational
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diabetes. Gestational diabetes was not significantly different between neighborhood quartiles of
deprivation (p=0.08) but was significantly different for gestational weight gain (p=0.001).
Women were significantly younger in the 4th quartile compared to the first quartile of
neighborhood deprivation. Nearly 20% of women who gave birth in the least deprived
neighborhoods were older than 34 years of age. Approximately 40% of women aged 35 and
older lived in the least deprived neighborhoods. In comparison, over 40% of women who gave
birth in the most deprived neighborhoods were between the ages of 18 and 24. Nearly 40% of 18
to 24 year old women lived in the most deprived neighborhoods.
There was a striking difference is the distribution of women by race and ethnicity across
neighborhood deprivation. Nearly 60% of women living in the least deprived neighborhoods
were Non-Hispanic White compared to only 7.3% of Non-Hispanic Black women. The change in
racial and ethnic distribution across neighborhood deprivation clearly followed a trend. Only
18% of women in the most deprived neighborhoods were Non-Hispanic White. The proportion
of Non-Hispanic Black women and Hispanic women was relatively even in the most deprived
neighborhoods with both hovering around 30%. However, 48% of Non-Hispanic black women
lived in the most deprived neighborhoods compared to approximately 30% for Hispanic women.
Not surprisingly, there were large differences in educational achievement between
quartiles of deprivation also showing a clear trend of increasing educational attainment with
decreasing neighborhood deprivation. Nearly 80% of women living in first quartile
neighborhoods had more than a high school education compared to 32.7% of women who lived
in the most deprived neighborhoods. Educational achievement was not completely protective

84

against living in a highly deprived neighborhood as over 15% of those who had more than a high
school diploma lived in the most deprived neighborhoods.
Marriage was also increasingly more prevalent in the least deprived neighborhoods again
showing a clear trend. Overall, 77.2% of women in the least deprived neighborhoods were
deprived compared to 34.0% of women in the most deprived neighborhoods.
WIC use was significantly higher in more deprived neighborhoods with 71.3% of women
in fourth quartile neighborhoods reporting WIC use compared to 22.1% for women living in first
quartile neighborhoods.
Pre-pregnancy BMI was significantly different across neighborhood deprivation. Over a
third of obese women lived in the most deprived neighborhoods compared to a third of normal
weight women living in the least deprived neighborhoods. In the least deprived neighborhoods,
nearly 60% of women fell within the normal range for pre-pregnancy BMI, while over half of
women living in the most deprived neighborhoods were overweight or obese. Underweight
women were more evenly distributed between neighborhoods. However, there were slightly
more underweight women in the first and second quartile neighborhoods. Gestational
hypertension, chronic diabetes and chronic hypertension were all significantly higher among
women who lived in the most deprived neighborhoods. Approximately a third of women who
had diabetes and hypertension prior to their pregnancy lived in the most deprived neighborhoods.
Table 6a and 6b summarize maternal characteristics by gestational weight gain above or
below the recommended IOM range. All differences were found to be statistically significant.
Across all age groups, nearly half of women gained in excess of the recommended amount. The
highest percent of excessive weight gain was found among 25 to 29 year old women at 50.6%.
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The lowest percentage was found among women 35 and older at 46.3%. Among women who
gained below the recommended amount, 31.7% were below the age of 25. Women who met the
Table 5a: Quartiles of neighborhood deprivation by socio-demographic characteristics for 4
MSAs from 2006 to 2014(Chi-square analysis - Columns add to 100%)
Maternal Characteristics

Maternal Age
18-24
25-29
30-34
35+
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
IOM GWG
Below
Within
Above
Gestational Diabetes (Yes)
Gestational Hypertension
(Yes)
Chronic Hypertension
(Yes)
Diabetes before pregnancy
(Yes)

1st Quartile
Least
Deprived

2nd Quartiles

3rd Quartile

4th Quartile
Most deprived

p-value

15.1
26.7
39.6
18.6

26.2
29.9
30.8
13.1

34.5
29.6
25.4
10.6

41.8
28.7
20.9
8.5

<0.0001

56.8
7.3
19.7
16.2

48.0
12.7
23.4
15.9

36.4
18.0
29.4
16.3

18.1
32.8
31.3
17.9

<0.0001

3.7
17.4
78.9
77.2
22.1

9.2
28.0
62.7
61.8
41.1

15.8
35.7
48.5
49.3
56.8

25.5
41.9
32.7
34.0
71.3

<0.0001

4.7
59.8
22.4
13.2

4.7
51.7
24.9
18.8

4.6
47.1
26.3
22.0

4.4
43.2
27.1
25.2

<0.0001

16.5
34.4
49.1
4.1
3.3

17.6
31.9
50.5
4.4
3.9

19.2
30.6
50.3
4.4
3.9

22.0
29.9
48.1
4.1
4.2

<0.0001

0.90

1.1

1.2

1.4

<0.0001

0.5

0.6

0.7

0.8

<0.0001

<0.0001
<0.0001

0.80
<0.0001

recommended weight gain were more likely to be married at 58.6%. WIC use was higher among
women who gained below the range. The lowest percentage of WIC use was among women who
gained the recommended amount.
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Weight gain varied significantly by pre-pregnancy BMI. The highest rate of excessive
weight gain was found among overweight women at 63.2% followed by obese women at 59.6%.
In comparison, 40.7% of normal weigh women gained in excess while only 26.6% of overweight
Table 5b: Quartiles of neighborhood deprivation by socio-demographic characteristics (Chisquare analysis) for 4 MSAs from 2006 to 2014(Chi-square analysis – Rows add to 100%)
Maternal Characteristics
Maternal Age
18-24
25-29
30-34
35+
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
IOM GWG
Below
Within
Above
Gestational Diabetes (Yes)
Gestational Hypertension
(Yes)
Chronic Hypertension (Yes)
Diabetes before pregnancy
(Yes)

1st Quartile
Least Deprived

2nd Quartiles

3rd Quartile

4th Quartile
Most deprived

12.8
23.2
34.0
36.7

21.6
25.4
25.8
25.2

28.5
25.1
21.3
20.4

37.2
26.3
18.9
17.7

<0.0001

35.9
10.2
18.9
24.4

29.6
17.3
24.5
48.1

22.5
24.5
27.6
23.9

12.0
48.1
31.6
28.4

<0.0001

6.8
14.1
35.5
34.8
11.5

16.4
22.1
27.6
27.2
20.8

28.1
28.2
21.4
21.8
28.8

48.7
35.6
15.5
16.2
38.9

<0.0001

25.3
29.6
22.2
16.6

24.8
25.0
24.1
23.0

24.6
22.8
25.5
27.0

25.2
22.6
28.3
33.4

<0.0001

21.8
27.1
24.8
24.0
21.7

22.7
24.6
24.9
25.5
24.7

24.8
23.6
24.8
25.2
24.9

30.7
24.8
25.6
25.3
28.8

<0.0001

20.1
18.9

23.0
24.4

25.3
25.9

31.6
30.8

<0.0001
<0.0001

p-value

<0.0001
<0.0001

0.80
<0.0001

women gained excessive weight. Among women who developed gestational diabetes, 47.1%
gained above the recommended amount while this was the case for 65% of women who
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developed gestational hypertension. Over half of women who had been diagnosed with
hypertension and diabetes before pregnancy gained more weight than recommended.
Comparisons of weight gain across neighborhood deprivation show a trend between
increasing neighborhood deprivation and decreasing weight gain. A trend was not observed for
Table 6a: Gestational weight gain by maternal characteristics across 4 MSAs from 2006 to 2014
(Chi-Square analysis – Columns add to 100%)
Maternal Characteristics
Maternal Age
18-24
25-29
30-35
35+
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
Gestational Diabetes (Yes)
Gestational Hypertension
(Yes)
Chronic Hypertension (Yes)
Diabetes before pregnancy
(Yes)
Neighborhood Deprivation
1-Least Deprived
2
3
4-Most Deprived

Below IOM
recommendation

Met IOM
recommendation

In excess of IOM
recommendation

p-value

31.7
27.7
27.5
13.1

27.6
28.4
30.5
13.6

30.0
29.4
28.8
11.9

<0.0001

33.5
20.6
25.9
20.1

40.2
15.8
25.9
18.0

41.3
18.2
26.1
14.4

<0.0001

18.8
32.8
48.4
51.7
52.6

13.2
29.3
57.5
58.6
45.4

12.1
31.1
56.8
54.5
49.6

<0.0001

7.2
58.6
15.5
18.7
5.0
2.5

6.4
59.4
20.0
14.3
4.1
2.8

2.5
41.4
32.2
23.9
4.0
5.0

<0.0001

1.1
0.7

0.89
0.6

1.3
0.7

<0.0001
<0.0001

21.8
22.7
24.8
30.7

27.1
24.6
23.6
24.8

24.8
24.9
24.8
25.6

<0.0001
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<0.0001
<0.0001

0.001
<0.0001

increasing deprivation and excessive weight gain in pregnancy as the percentage of excessive
weight gain was slightly higher among women living in the least deprived neighborhoods at
49.1% compared to the most deprived neighborhoods at 48.1%. The highest rate of weight gain
was found among women who lived in second and third quartile neighborhoods at 50.5% and
50.3% respectively. Overall, 30.7% of women who gained below the range lived in the most
deprived neighborhoods. Women who lived in the most deprived neighborhoods had the lowest
rate of meeting the IOM range while women in the least deprived neighborhoods had the highest
rate.
Table 6b: Gestational weight gain by maternal characteristics across 4 MSAs from 2006 to 2014
(Chi-Square Analysis – Rows add to 100%)
Maternal Characteristics
Maternal Age
18-24
25-29
30-35
35+
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
Gestational Diabetes (Yes)
Gestational Hypertension
(Yes)
Chronic Hypertension (Yes)
Diabetes before pregnancy
(Yes)
Neighborhood Deprivation
1-Least Deprived

Below IOM
recommendation

Met IOM
recommendation

In excess of IOM
recommendation

p-value

20.2
18.2
17.8
19.6

29.5
31.3
33.2
34.1

50.3
50.6
48.9
46.3

<0.0001

16.0
21.7
18.8
22.8

32.2
28.0
31.6
34.4

51.8
50.3
49.7
42.8

<0.0001

25.9
20.0
16.5
17.6
20.6

30.1
30.6
32.8
33.6
29.9

43.5
49.9
50.7
48.8
49.6

<0.0001

29.6
22.1
11.6
17.7
22.4
12.2

43.9
37.3
25.2
22.7
30.6
22.8

26.6
40.7
63.2
59.6
47.1
65.0

<0.0001

18.2
20.0

25.2
28.3

56.7
51.8

<0.0001
<0.0001

16.5

34.4

49.1
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<0.0001
<0.0001

0.001
<0.0001

2
3
4-Most Deprived

17.6
19.2
22.0

31.9
30.6
29.9

50.5
50.3
48.1

<0.0001

Multilevel Logistic Regression Modelling
Multilevel logistic regression was conducted to determine the association between
neighborhood deprivation and weight gain in pregnancy. Several models were generated with
binary outcomes for weight gain including the overall outcome of not meeting the IOM
recommendation, gaining below the recommendation and gaining above the recommendation.
Models were run separately for women who only had one birth and women who had more than
one birth since this could not be accounted for in the analyses. Interaction terms were added to
the models to determine if the association varied by pre-pregnancy BMI, previous birth,
race/ethnicity and maternal age. Random intercepts were included for level 2 (census tracts) and
level 3 (MSA). The random slope was determined for neighborhood deprivation.
Table 7: Estimates for gestational weight gain within the IOM recommended range by
neighborhood deprivation
Model 1
Fixed Effects
Intercept
BMI
Underweight
Overweight
Obese
Age
18-24
30-34
35+
Race
NH Black
Hispanic
Other
NDI
2 vs 1
3 vs 1
4 vs 1

0.80 (0.01)

Model 2
1.02(0.01)

Model 3
0.88(0.02)

Model 4
1.02(0.02)

0.74[0.72-0.76]
1.79[1.76-1.82]
2.05[2.02-2.08]

0.74[0.72-0.76]
1.79[1.77-1.82]
2.04[2.01-2.07]

1.1[1.09-1.12]
0.91[0.90-0.93]
0.85[0.84-0.87]

1.10[1.09-1.12]
0.91[0.90-0.93]
0.86[0.84-0.87]

1.00[0.99-1.02]
0.91[0.89-0.93]
0.85[0.84-0.87]

0.99[0.98-1.01]
0.93[0.91-0.94]
0.86[0.85-0.88]
1.11[1.09-1.13]
1.17[1.15-1.19]
1.21[1.18-1.23]
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1.04[1.02-1.06]
1.06[1.04-1.07]
1.04[1.02-1.06]

Error Variance
Level-2 intercept
Level-3 intercept
Model Fit
-2 LL

0.012(0.001)
0.00066(0.00
05)

0.0028(0.0006)
0.00032(0.0003)

0.007(0.0008)
0.0009(0.0007)

2629507

2650146

2629947

0.003(0.0006)
0.0004(0.0003)

Model 1: Unconditional model
Model 2: Level-1 fixed effects model
Model 3: Level-2 fixed effects model
Model 4: Level-2 fixed effects model with level 1 predictors

Table 7 summarizes the results of multilevel regression modelling conducted to assess the
association between neighborhood deprivation and gestational weight gain. Based on the
unconditional model (Model 1), the probability of not meeting the IOM range for weight gain for
a woman living in an average census tract and city is 69%. The probability of meeting the IOM
range is therefore only 31%. Using 3.29 as the level 1 error variance with the assumption that the
outcome comes from a continuous variable with a level 1 residual that follows a logistic
distribution with a mean of 0 and the assumption of no level 1 error, the level 2 intraclass
correlation coefficient (ICC) was calculated as being equal to 0.00374 and the level 3 ICC is
equal to 0.051. This indicates that 0.37% of the variability in whether or not a woman meets the
IOM range is accounted for by the census tract she lives in, while 0.02% of the variability is
accounted for by the city she lives in. This leaves 99% of the variability accounted for by level 1
maternal characteristics.
ICCMSA =

τMSA
.
τCensus tract + τMSA +3.29

In Model 2, level 1 maternal characteristics (race, age and BMI) have been added to the
model to examine the level 1 fixed effects on meeting the IOM range. Education, marital status
and use of public assistance programs were not included in the model as level 1 predictors since
these are accounted for by the neighborhood deprivation index. Women who were underweight
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were more likely to meet the IOM range compared to normal weight women. Overweight
women were 79% more likely to not meet the IOM range and obese women were over twice as
likely to not meet the IOM range compared to normal weight women. Women who were 30
years and older were significantly more likely meet the IOM range compared to women 25 to 29
years of age. The highest risk of not meeting the IOM range was found among 18 to 24 year old
women. Non-Hispanic Black women were not found to have an increased risk of not gaining
within the range compared to Non-Hispanic White women. Hispanic women were less likely to
not meet the weight gain recommendation compared to Non-Hispanic White women.
Model 3 includes the level 2 predictor of neighborhood deprivation score without level 1
predictors. The odds of not meeting the IOM weight gain recommendation increases with each
increasing level of neighborhood deprivation. There is a 1.11 increased risk of not gaining the
recommended weight among women who live in neighborhoods ranked second for level of
deprivation compared to women living in least deprived neighborhoods. This increases by 6%
for women living in neighborhoods ranked third for level of deprivation and by 10% for women
living in the most deprived neighborhoods.
Model 4 combines level 1 and level 2 predictors. The associations between prepregnancy BMI, race/ethnicity and maternal age remained unchanged after the addition of
neighborhood deprivation into the model. The associations between neighborhood deprivation
and weight gain, however, changed drastically towards the null and no longer exhibited a trend
towards excessive weight gain with increasing deprivation. There still was a small increased risk
between neighborhood deprivation and excessive weight gain of 4% to 6%.
Table 8 summarizes the results of multilevel regression modelling for women who gain
below the recommended amount as the outcome. Five models were run including the
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unconditional model (Model 1), the level-1 fixed effects model (Model 2), the level-2 fixed
effects model (Model 3), the level-2 fixed effects model with level-1 fixed effects (Model 4), and
the level-2 random slopes model (Model 5). Based on the intercept of the unconditional model,
the calculated probability of gaining weight below the recommended amount for a woman who is
living in an average census tract and average city is equal to 0.37 or 37%. Using 3.29 as the level
1 error variance, the level 2 ICC is equal to 0.01139 which indicates that 1.1% of the variability
Table 8: Estimates for gestational weight gain below the IOM recommended range by
neighborhood deprivation
Model 1
Fixed Effects
Intercept
BMI
Underweight
Overweight
Obese
Age
18-24
30-34
35+
Race
NH Black
Hispanic
Other
NDI
2 vs 1
3 vs 1
4 vs 1
Error Variance
Level-2 intercept
Level-3 intercept
NDI random
slope
Model Fit
-2 LL

-0.52(0.04)

Model 2

Model 3

-0.11(0.05)

-0.33(0.04)

Model 4
0.024(0.05)

1.13[1.10-1.17]
0.75[0.73-0.76]
1.25[1.22-1.28]

1.13[1.10-1.17]
0.74[0.72-0.75]
1.23[1.20-1.26]

1.10[1.08-1.13]
0.97[0.95-0.99]
1.04[1.01-1.06]

1.09[1.07-1.11]
0.98[0.96-0.99]
1.05[1.03-1.08]

1.37[1.34-1.41]
1.20[1.18-1.23]
1.36[1.33-1.39]

1.31[1.28-1.35]
1.16[1.14-1.19]
1.33[1.30-1.36]

Model 5
-0.32(0.05)

1.13[1.10-1.16]
1.25[1.22-1.29]
1.43[1.39-1.47]

1.10[1.07-1.12]
1.19[1.16-1.22]
1.31[1.27-1.34]

1.13[1.09-1.18]
1.26[1.22-1.31]
1.45[1.39-1.51]

0.038(0.002)
0.008(0.005)

0.026(0.002)
0.0097(0.007)

0.019(0.002)
0.009(0.006)

0.016(0.001)
0.010(0.007)

0.019(0.002)
0.009(0.007)
0.00044(0.0004)

1277078

1279926

1277315

1280168

1277316

in whether or not a woman gains below the recommended amount is due to the census tract and
city she lives in. The level 3 ICC is equal to 0.00239, indicating that 0.23% of the variability in
the outcome is accounted for by the city in which a woman lives.
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Level 1 predictors were included in model 2. Both obese and underweight women were
significantly more likely to gain below the recommended amount compared to normal weight
women, while overweight women were significantly less likely to gain below the recommended
amount. The highest risk was among obese women who had a 25% increased risk of not gaining
enough weight. In contrast overweight women had a 25% decreased risk of not gaining enough
weight. The risk for inadequate weight gain was highest among 18 to 24 year old women who
had a 10% increased risk. Women 30 to 34 years old had a lower risk of not gaining enough
weight compared to 25 to 29 year old women, while women 35 and older had a modest increased
risk at 4%.
Race and ethnicity varied considerably. There was a significantly higher risk of not
gaining enough weight among all race /ethnic groups compared to Non-Hispanic White women.
The highest risk was among Non-Hispanic Black women who had a 37% increased risk of not
gaining enough weight. Hispanic women had a 20% increased risk of not gaining enough weight
compared to Non-Hispanic White women.
Model 3 includes the level 2 predictors without the level 1 predictors to generate the
unadjusted estimates between neighborhood deprivation and weight gain below the range. There
was a distinct trend between increasing neighborhood deprivation and increasing risk of not
gaining enough weight. Women who lived in the most deprived neighborhoods had a 43%
increased risk of not gaining enough weight compared to women in the most affluent
neighborhoods. Women living in the second most deprived neighborhoods had a 25% increased
risk of not gaining enough weight while women living in the second least deprived
neighborhoods had a 13% increased risk.
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Model 4 combines level 1 and level 2 predictors to determine the adjusted association
between neighborhood deprivation and weight gain below the recommendation. Accounting for
BMI, age and race/ethnicity attenuated the risk of not gaining enough weight but the trend was
still apparent and the risks were still significantly higher by increasing neighborhood deprivation.
In the adjusted model, women in the most deprived neighborhoods had a 31% increased risk of
not gaining enough weight.
Model 5 includes the random slope of neighborhood deprivation with the level 2
neighborhood deprivation variable as a fixed effect. The random slope was statistically
significant and positive indicating that with increasing neighborhood deprivation there is an
increase in risk of gaining below the IOM recommendation.
The random intercept for MSA was not statistically significant indicating that the
outcome did not vary by MSA. The random intercepts for census tract and individuals were
statistically significant indicating that the outcome varied by these levels of influence. To
account for differences in pregnancy by woman, the data was restricted to women who only
appeared once in the dataset between 2006 and 2014. A separate analysis was conducted to

Table 9: Results of the interaction between age and neighborhood deprivation on gaining below
the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood ( Quartile1)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+
Neighborhood Deprivation ( Quartile 2)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+
Neighborhood Deprivation (Quartile 3)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+
Most Deprived Neighborhood (Quartile 4)
25-29 vs. 18-24
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Below IOM Range
OR[95%CI]
1/OR[1/95%CI]
0.90(0.86-0.95) 1.11[1.05-1.16]
1.06(1.02-1.11) 0.94[0.90-0.98]
0.99(0.95-1.04) 1.01[0.96-1.05]
0.90(0.86-0.94)
1.01(0.97-1.05)
0.94(0.89-0.98)

1.11[1.06-1.16]
0.99[0.95-1.03]
1.06[1.02-1.12]

0.94(0.90-0.98)
1.02(0.98-1.06)
0.91(0.87-0.96)

1.06[1.02-1.11]
0.98[0.94-1.02]
1.10[1.04-1.15]

0.92(0.89-0.95)

1.09[1.05-1.12]

25-29 vs. 30-34
25-29 vs. 35+
Maternal Age 18-24
Least Deprived Neighborhood (1) vs Most Deprived Neighborhood (4)
Maternal Age 25-29
Least Deprived Neighborhood (1) vs Most Deprived Neighborhood (4)
Maternal Age30-34
Least Deprived Neighborhood (1) vs Most Deprived Neighborhood (4)
Maternal Age 35+
Least Deprived Neighborhood (1) vs Most Deprived Neighborhood (4)

0.99(0.95-1.04)
0.95(0.90-1.0)

1.01[0.96-1.05]
1.05[1.00-1.11]

0.80[0.76-0.84]

1.25[1.19-1.31]

0.79[0.75-0.82]

1.27[1.22-1.33]

0.74[0.71-0.77]

1.36[1.30-1.42]

0.75[0.71-0.80]

1.33[1.26-1.40]

*Adjusted for race/ethnicity and pre-pregnancy BMI
determine the influence of a previous pregnancy on the outcome by using a data set of women
who appeared more than once in the data.
Tables 9-11 show the results of interaction terms introduced into the adjusted model for
maternal age, pre-pregnancy BMI and race/ethnicity. Within the least deprived neighborhoods,
18 to 24 year old women had an 11% increased risk of gaining below the recommended amount
compared to 24 to 29 year old women, while 30 to 34 year old women had a decreased risk. The
risk in 35 and older women was not significant. The risk of not gaining enough weight among 18
to 24 year old women appeared to decrease slightly with increased neighborhood deprivation.
However, this change was not significant. The decreased risk in 30 to 34 year old women was
only significant in the least deprived neighborhoods. The risk of not gaining enough weight
among 35 year and older women was highest in the third quartile of deprivation with a 10%
increased risk.
When comparing women within each age group strata, there was a significantly increased
risk of inadequate weight gain for all age groups. However, the higher risk was found in 30-34
year old women who lived in the most deprived neighborhoods. They had a 36% increased risk
of not gaining enough weigh compared to 30-34 year old women in the least deprived
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neighborhoods. The risks were higher in women who were 30 and older compared to women 18
to 29 years old.
The risks of not gaining enough weight varied considerably by pre-pregnancy BMI and
neighborhood deprivation. Among underweight women, the risk of not gaining enough weight
compared to normal weight women was highest in the least deprived neighborhoods. The risk
decreased with increasing deprivation. The difference between normal weight women and
underweight women was no longer statistically significant in the most deprived neighborhoods.
This could be either due to the changing risk of inadequate weight gain among normal weight
women (the reference group) as deprivation increases or to underweight women being more
likely to gain weight with increasing deprivation. Overweight women had a significantly lower
risk of not gaining enough weight compared to normal weight women. The risk was lowest in the
most deprived neighborhoods and followed a trend. Obese women had a 49% increased risk of
not gaining enough weight compared to normal weight women in the least deprived
neighborhoods. This decreased to a 4% increased risk in the most deprived neighborhoods. A
clear trend was observed with increasing deprivation.
When examining the risks within BMI strata, the highest risk of not gaining enough
weight was observed in normal weight women. They had a 44% increased risk compared to
normal weight women in the least deprived neighborhoods. The risks were higher for all women
in least deprived neighborhoods except for obese women. There was no statistically significant
difference in gaining below the recommended amount between obese women living and least
and most deprived neighborhoods.
Non-Hispanic Black women had a 46% increased risk of not gaining enough weight
compared to Non-Hispanic White women in the least deprived neighborhoods. The risk
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decreased to a 29%-30% increased risk in the second to fourth quartiles of neighborhood
deprivation. Hispanic women had a 16% increased risk of not gaining enough weight in the least
deprived neighborhoods. The risk varied between 14% to 19% but didn’t show significant
differences between levels of neighborhood deprivation.
When stratifying by race/ethnicity, it was found that women classified in the ‘Other’
category had the highest risks between most and least deprived neighborhoods. This was
following by Non-Hispanic White and Hispanic women who both had a 30% increased risk of
not gaining enough weight in the most deprived neighborhoods compared to the least. NonHispanic Black women had the lowest increased risk from most to least deprived. This could
Table 10: Results of the interaction between pre-pregnancy BMI and neighborhood deprivation
on gaining below the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood (Quartile1)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese
Neighborhood Deprivation (Quartile 2)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese
Neighborhood Deprivation (Quartile 3)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese
Most Deprived Neighborhood (Quartile 4)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese

Below IOM Range
OR[95%CI]
1/OR[1/95%CI]
0.76 (0.72-0.81)
1.32[1.23-1.39]
1.27(1.22-1.33)
0.78[0.75-0.82]
0.67(0.63-0.70)
1.49[1.43-1.59]

Underweight
Least deprived (1) vs. Most deprived (4)
Normal weight
Least deprived (1) vs. Most deprived (4)
Overweight
Least deprived (1) vs. Most deprived (4)
Obese
Least deprived (1) vs. Most deprived (4)

*Adjusted for race and ethnicity and age
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0.85(0.80-0.90)
1.33(1.27-1.38)
0.75(0.72-0.78)

1.18[1.11-1.25]
0.75[0.72-0.79]
1.33[1.28-1.39]

0.98(0.92-1.04)
1.35(1.30-1.40)
0.84(0.80-0.87)

1.02[0.96-1.09]
0.74[0.71-0.77]
1.19[1.15-1.25]

0.98(0.92-1.04)
1.48(1.43-1.54)
0.96(0.92-0.99)

1.02[0.96-1.09]
0.68[0.65-0.70]
1.04[1.01-1.09]

0.89[0.82-0.96]

1.12[1.04-1.22]

0.69[0.67-0.72]

1.44[1.40-1.49]

0.81[0.76-0.85]

1.24[1.18-1.31]

0.99[0.94-1.06]

1.00[0.95-1.06]

indicate that Non-Hispanic Black women have the least amount of improvement in meeting IOM
weight gain guidelines with decreasing neighborhood deprivation.
When examining women who had more than one pregnancy recorded between 2006 to
2014, the risk of not gaining enough weight for women with more than one pregnancy was
higher in the third and fourth quartiles of deprivation. The risk changed to a lower risk of
inadequate weight gain among women with more than one pregnancy in the first and second
quartiles of deprivation.
Table 11: Results of the interaction between race/ethnicity and neighborhood deprivation on
gaining below the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood (Quartile1)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Others
Non-Hispanic Black vs. Hispanic
Neighborhood Deprivation (Quartile 2)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Others
Non-Hispanic Black vs. Hispanic
Neighborhood Deprivation (Quartile 3)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Others
Non-Hispanic Black vs. Hispanic
Most Deprived Neighborhood (Quartile 4)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Others
Non-Hispanic Black vs. Hispanic

Below IOM Range
OR[95%CI]
1/OR[1/95%CI]
0.68[0.64-0.72]
1.46[1.38-1.55]
0.86[0.82-0.90]
1.16[1.12-1.21]
0.78[0.74-0.81]
1.24[1.24-1.34]
1.26[1.18-1.34]
0.79[0.75-0.85]

Non-Hispanic White
Least deprived (1) vs. Most deprived (4)
Non-Hispanic Black
Least deprived (1) vs. Most deprived (4)
Hispanic
Least deprived (1) vs. Most deprived (4)
Other
Least deprived (1) vs. Most deprived (4)
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0.77[0.73-0.81]
0.84[0.81-0.87]
0.78[0.75-0.81]
1.09[1.04-1.15]

1.30[1.24-1.37]
1.19[1.14-1.24]
1.28[1.23-1.34]
0.92[0.87-0.97]

0.77[0.74-0.81]
0.88[0.84-0.91]
0.75[0.71-0.78]
1.14[1.08-1.19]

1.29[1.23-1.36]
1.14[1.10-1.19]
1.34[1.28-1.40]
0.88[0.53-0.92]

0.77[0.73-0.81]
0.86[0.82-0.90]
0.72[0.68-0.76]
1.12[1.07-1.16]

1.30[1.24-1.36]
1.16[1.11-1.22]
1.39[1.32-1.46]
0.90[0.86-0.93]

0.77[0.73-0.80]

1.30[1.24-1.36]

0.87[0.81-0.92]

1.15[1.08-1.23]

0.77[0.73-0.80]

1.30[1.24-1.36]

0.71[0.68-0.75]

1.40[1.34-1.47]

*Adjusted for pre-pregnancy BMI and age
Table 12: Results of the interaction between previous live birth and neighborhood deprivation on
gaining below the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood (Quartile 1)
No previous live birth vs. Previous live birth
Neighborhood Deprivation (Quartile 2)
No previous live birth vs. Previous live birth
Neighborhood Deprivation (Quartile 3)
No previous live birth vs. Previous live birth
Most Deprived Neighborhood (Quartile 4)
No previous live birth vs. Previous live birth

Below IOM Range
OR[95%CI]
1/OR[1/95%CI]
1.05[1.03-1.08]
0.95[0.93-0.97]
1.01[0.99-1.04]

0.99[0.96-1.01]

0.97[0.95-0.99]

1.03[1.01-1.05]

0.95[0.93-0.97]

1.05[1.03-1.08]

*Adjusted for race and ethnicity, age and pre-pregnancy BMI
Table 13 summarizes the result of multilevel regression modeling for a binary outcome of
gaining excessive weight. Four models were conducted including an unconditional model
(Model 1), a model with level 1 predictors (Model 2), a model with level 2 predictors (Model 3),
a model with both level 1 and level 2 predictors. A fifth model to determine the random slope for
neighborhood deprivation was run but the results were not reported as the covariance parameter
estimate was equal to zero and not statistically significant. The model convergence with the
inclusion of a random slope for neighborhood deprivation was not positive definite and therefore
was not included in further analyses since it indicates that the variance component is equal to
zero and should be removed from the model.
Table 13: Estimates for gestational weight gain above the IOM recommended range by
neighborhood deprivation
Model 1
Fixed Effects
Intercept
BMI
Underweight
Overweight
Obese
Age
18-24
30-34
35+
Race

0.4874(0.02)

Model 2
0.58(0.03)

Model 3
0.52(0.02)

Model 4
0.53(0.03)

0.54[0.53-0.56]
2.36[2.33-2.40]
2.48[2.44-2.52]

0.54[0.53-0.56]
2.36[2.33-2.40]
2.49[2.45-2.53]

1.10[1.09-1.12]
0.89[0.88-0.90]
0.78[0.77-0.80]

1.11[1.09-1.13]
0.89[0.87-0.90]
0.78[0.77-0.80]
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NH Black
Hispanic
Other
NDI
2 vs 1
3 vs 1
4 vs 1
Error Variance
Level-2
intercept
Level-3
intercept
Model Fit
-2 LL

0.88[0.87-0.90]
0.84[0.82-0.85]
0.71[0.69-0.72]

0.89[0.88-0.91]
0.84[0.83-0.85]
0.71[0.70-0.72]
1.10[1.08-1.12]
1.14[1.12-1.17]
1.13[1.10-1.15]

1.02[1.01-1.04]
1.01[0.99-1.03]
0.95[0.93-0.97]

0.01718(0.001)

0.012(0.001)

0.014(0.001)

0.011(0.004)

0.002365(0.002)

0.005(0.003)

0.0025(0.002)

0.0049(0.004)

2099092

2129248

2099192

2129308

The calculated probability of gaining weight above the recommended amount for a
woman who is living in an average census tract and in average city is equal 62%. Using 3.29 as
the level 1 error variance, the level 2 ICC is equal to 0.00519 which indicates that 0.5% of the
variability in whether or not a woman gains above the recommended amount is due to the census
tract and city she lives in. The level 3 ICC is equal to 0.00071, indicating that 0.07% of the
variability in the outcome is accounted for by the city in which a woman lives.
Model 2 shows the odds ratio estimates between level 1 predictors and the risk of gaining
too much weight. Obese women were approximately 150% more likely gain excessive weight in
pregnancy compared to normal weight women. There was a 136% increased risk for overweight
women, while being underweight was significantly protective against gaining excessive weight.
Women in the youngest age group had a 10% increased risk of gaining excessive weight
compared to 24 to 29 year old women. Being over 30 was protective for excessive weight gain
compared to the 25 to 29 year old age group. Both Hispanic and Non-Hispanic Black women had
a significantly lower risk of excessive weight gain compared to Non-Hispanic White women.
Model 3 includes the level 2 predictor of neighborhood deprivation. The risk of excessive
weight gain increased with increasing deprivation. Women in the most deprived neighborhood
101

had a 13% increased risk of excessive weight gain compared to women in the least deprived
neighborhoods.
Model 4 includes both level 1 and 2 predictors. The risk of excessive weight gain by BMI
did not change with the addition of neighborhood deprivation into the model. Race/ethnicity and
age did not change with the addition of neighborhood deprivation either. However, the risk by
neighborhood deprivation decreased towards the null when level-1 predictors were included.
This indicates that the increased risk observed for neighborhood deprivation in the unadjusted
model was due to differences in level-1 predictors between levels of deprivation. Women living
in neighborhoods in the second quartile of deprivation only had a 2% increased risk compared to
women in the first quartile. The risk for women in the most deprived neighborhoods changed
from an increased risk of 13% to having a 5% decreased risk of excessive weight gain.

Table 14: Results of the interaction between maternal age and neighborhood deprivation on
gaining above the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood (Quartile 1)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+
Neighborhood Deprivation (Quartile 2)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+
Neighborhood Deprivation (Quartile 3)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+
Most Deprived Neighborhood (Quartile 4)
25-29 vs. 18-24
25-29 vs. 30-34
25-29 vs. 35+

Above the IOM range

OR[95%CI]

Maternal age 18-24
Least deprived (1) vs. Most deprived (4)
Maternal age 25-29
Least deprived (1) vs. Most deprived (4)
Maternal age 30-34
Least deprived (1) vs. Most deprived (4)
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1/OR[1/95%CI]

0.87[0.83-0.90]
1.17[1.13-1.21]
1.31[1.26-1.35]

1.16[1.11-1.20]
0.86[0.83-0.88]
0.77[0.74-0.79]

0.88[0.85-0.91]
1.11[1.07-1.14]
1.26[1.21-1.31]

1.13[1.10-1.17]
0.90[0.88-0.93]
0.79[0.77-0.83]

0.92[0.90-0.95]
1.11[1.08-1.15]
1.26[1.21-1.32]

1.08[1.05-1.12]
0.90[0.87-0.93]
0.79[0.76-0.82]

0.92[0.89-0.94]
1.10[1.06-1.14]
1.28[1.22-1.33]

1.09[1.06-1.12]
0.91[0.88-0.94]
0.78[0.75-0.82]

1.06[1.03-1.10]

0.94[0.91-0.97]

1.13[1.09-1.17]

0.89[0.85-0.92]

1.00[0.97-1.04]

1.00[0.97-1.03]

Maternal age 35+
Least deprived (1) vs. Most deprived (4)

1.04[0.99-1.09]

0.96[0.92-1.01]

*Adjusted for race, ethnicity, and pre-pregnancy BMI.

Tables 14 to 16 summarize the results of the interaction between neighborhood
deprivation and level 1 predictors on excessive weight gain in pregnancy. The risk of excessive
weight gain decreased among 18 to 24 year old women with increasing neighborhood
deprivation. Women 18-24 years old living in the least deprived neighborhoods had a 16%
increased risk of gaining excessive weight compared to 25-29 year old women. This decreased to
a 9% risk in the most deprived neighborhoods. When stratifying by age, women 18-24 in the
least deprived neighborhoods had a 6% increased risk of excessive weight gain compared to 1824 year old women in the most deprived neighborhoods. Being over 30 appeared to be protective
for excessive weight gain. The protective effect decreased with increasing deprivation for both
30-34 and 35+ age groups. However, the risks remained fairly consistent across deprivation
levels. When stratifying by age, no statistically significant differences were observed between
women older than 29 living in the most and least deprived neighborhoods.
Being underweight was protective for excessive weight gain. The strongest protective
effect was seen among women living in the least deprived neighborhoods. This protective
effective was reduced with increasing deprivation. Overweight and obese women had a
significantly higher risk of gaining excessive weight compared to normal weight women across
all levels of neighborhood deprivation. However, the risk decreased from 187% in the least
deprived neighborhoods to 104% in the most deprived neighborhoods among overweight
women, and from 190% to 140% among obese women. This indicates either normal weight
women have an increased risk of excessive weight gain with increasing neighborhood
deprivation, or obese and overweight women are less likely to gain excessive weight with
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increasing neighborhood deprivation. Underweight women in the most deprived neighborhoods
had an 18% increased risk of excessive weight gain compared to underweight women in the least
deprived neighborhoods. For the normal weight women there was a 6% increased risk between
most and least deprived neighborhoods. Overweight and obese women in least deprived
neighborhoods had a lower risk of excessive weight gain compared to overweight and obese
women in most deprived neighborhoods.
Table 15: Results of the interaction between BMI and neighborhood deprivation on gaining
above the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood (Quartile 1)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese
Neighborhood Deprivation (Quartile 2)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese
Neighborhood Deprivation (Quartile 3)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese
Most Deprived Neighborhood (Quartile 4)
Normal weight vs. Underweight
Normal weight vs. Overweight
Normal weight vs. Obese

Above the IOM range
OR[95%CI]
1/OR[1/95%CI]
1.98[1.87-2.11]
0.50[0.47-0.54]
0.35[0.34-0.36]
2.87[2.79-2.97]
0.35[0.33-0.36]
2.90[2.79-3.00]

Underweight
Least deprived (1) vs. Most deprived (4)
Normal weight
Least deprived (1) vs. Most deprived (4)
Overweight
Least deprived (1) vs. Most deprived (4)
Obese
Least deprived (1) vs. Most deprived (4)
*Adjusted for age, race and ethnicity.

1.83[1.73-1.94]
0.41[0.40-0.42]
0.42[0.40-0.43]

0.55[0.51-0.58]
2.43[2.36-2.50]
2.40[2.33-2.49]

1.83[1.73-1.94]
0.46[0.44-0.47]
0.44[0.42-0.45]

0.55[0.51-0.58]
2.19[2.13-2.26]
2.30[2.23-2.38]

1.78[1.67-1.89]
0.49[0.48-0.50]
0.42[0.40-0.43]

0.56[0.53-0.60]
2.04[1.98-2.10]
2.40[2.33-2.48]

0.85[0.78-0.92]

1.18[1.08-1.28]

0.95[0.92-0.97]

1.06[1.03-1.08]

1.34[1.29-1.39]

0.75[0.72-0.78]

1.14[1.09-1.19]

0.88[0.84-0.92]

Non-Hispanic Black women had a lower risk of excessive weight gain compared to NonHispanic White women for all levels of neighborhood deprivation. However, the lower risk was
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only significant in the second to fourth quartiles of deprivation indicating no difference in risk
between women living in the least deprived neighborhoods. The risk of excessive weight gain
continued to decrease slightly in Non-Hispanic Black women with increasing neighborhood
deprivation. A decreasing trend of excessive weight gain risk was more pronounced among
Hispanic women who had a 9% lower risk of excessive weight gain in the least deprived
neighborhoods to a 24% lower risk of excessive weight gain in the most deprived
neighborhoods.
When comparing outcome by race strata, Non-Hispanic White women living in the least
deprived neighborhoods had a 6% increased risk of excessive weight gain compared to those in
the most deprived neighborhoods. For other race/ethnic groups, living in the most deprived
neighborhoods was protective against excessive weight gain. Non-Hispanic Black women had an
11% increased risk if they lived in the least deprived versus most deprived neighborhoods, while
Hispanic women had a 15% increased risk.

Table 16: Results of the interaction between race/ethnicity and neighborhood deprivation on
gaining above the IOM guidelines
Predictors of gestational weight gain
Least Deprived Neighborhood (Quartile 1)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Other
Neighborhood Deprivation (Quartile 2)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Other
Neighborhood Deprivation (Quartile 3)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Other
Most Deprived Neighborhood (Quartile 4)
Non-Hispanic White vs. Non-Hispanic Black
Non-Hispanic White vs. Hispanic
Non-Hispanic White vs. Other

Above IOM range
OR[95%CI]
1/OR[1/95%CI]
1.01[0.97-1.06]
0.99[0.94-1.04]
1.09[1.06-1.13]
0.91[0.89-0.94]
1.33[1.28-1.37]
0.75[0.73-0.78]

Non-Hispanic White
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1.15[1.10-1.19]
1.14[1.10-1.17]
1.40[1.35-1.45]

0.87[0.84-0.91]
0.88[0.85-0.91]
0.71[0.69-0.74]

1.19[1.15-1.24]
1.27[1.23-1.31]
1.45[1.40-1.51]

0.84[0.81-0.87]
0.79[0.76-0.81]
0.69[0.66-0.71]

1.18[1.14-1.23]
1.33[1.28-1.37]
1.56[1.50-1.62]

0.84[0.81-0.88]
0.76[0.73-0.78]
0.64[0.62-0.67]

Least deprived (1) vs. Most deprived (4)
Non-Hispanic Black
Least deprived (1) vs. Most deprived (4)
Hispanic
Least deprived (1) vs. Most deprived (4)
Other
Least deprived (1) vs. Most deprived (4)

0.95[0.91-0.98]

1.06[1.02-1.09]

1.11[1.05-1.17]

0.90[0.86-0.95]

1.15[1.11-1.19]

0.87[0.84-0.90]

1.11[1.07-1.16]

0.90[0.86-0.94]

*Adjusted for pre-pregnancy BMI and age.

Table 17 summarizes the risk of excessive weight gain by previous live birth and
neighborhood deprivation. There wasn’t a significant difference in excessive weight gain by
previous live birth between varying levels of neighborhood deprivation. The confidence intervals
overlapped between categories of deprivation. However across all level of deprivation, women
who had didn’t have a previous live birth were between 12% to 14% more likely to gain
excessive weight in the pregnancy compared to women who had a previous live birth.

Table 17: Results of the interaction between previous live birth and neighborhood deprivation on
gaining above the IOM guidelines
Predictors of gestational weight gain
Above the IOM range
OR[95%CI]
1/OR[1/95%CI]
Least Deprived Neighborhood (Quartile 1)
No previous live birth vs. Previous live birth
1.12[1.10-1.14]
0.90[0.88-0.91]
Neighborhood Deprivation (Quartile 2)
No previous live birth vs. Previous live birth
1.14[1.12-1.16]
0.88[0.88-0.89]
Neighborhood Deprivation (Quartile 3)
No previous live birth vs. Previous live birth
1.14[1.12-1.16]
0.88[0.86-0.90]
Most Deprived Neighborhood (Quartile 4)
No previous live birth vs. Previous live birth
1.12[1.10-1.14]
0.89[0.87-0.91]
*Adjusted for race, ethnicity, age and pre-pregnancy BMI.

Additional analyses were conducted to determine if the results varied based on the length
of pregnancy. Differences in the length of pregnancy may account for variability in weight gain
if women have shorter pregnancies with increasing neighborhood deprivation. However, adding
gestational age to the models did not change the association between neighborhood deprivation
and gestational weight gain or any of the other associations observed for covariates.
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PRAMS: Food Insecurity, Stress and Weight Gain
The following section summarizes the results of the PRAMS analysis. The relationships
between food insecurity, stress, weight gain and maternal characteristics were examined.
Logistic regression modelling and Rao-Scott chi-square tests were used to conduct the analyses.
Tables 18a through 19b summarize maternal socio-demographic characteristics by food
insecurity and gestational weight gain. Columns in Tables 18a and 19a add to 100% while rows
in Tables 18b and 19b add to 100%.

Table 18a: Maternal socio-demographic characteristics by food insecurity status for 2012 to 2013
Food Secure
Maternal Socio-Demographic
Characteristics
Total
Maternal Age
18-24
25-29
30-34
35+
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
IOM GWG
Below
Within
Above

Unweighted
Frequency
(N)
8,643

Percent
(%)

Food Insecure
Unweighted
Frequency
(N)
912

Percent
(%)

p-value

2,016
2,690
2,566
1,453

22.1
32.1
29.3
16.5

393
253
178
95

42.1
29.4
18.4
10.1

<0.0001

5,348
314
1,842
802

71.1
6.6
17.1
5.2

506
49
211
75

61.4
13.8
21.5
3.3

<0.0001

1,021
1,790
5,914
5,875
3,303

11.2
19.8
69.0
68.5
38.2

173
443
303
380
652

18.4
33.8
47.8
37.5
71.5

<0.0001

584
4,329
2,072
1,740

7.4
50.2
22.9
19.5

75
376
203
265

9.5
41.5
19.3
29.8

0.0001

1,777
3,230
3,718

19.4
36.8
43.9

231
285
231

24.1
29.5
46.4

0.02
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<0.0001
<0.0001

Diabetes before pregnancy (Yes)
Gestational Diabetes (Yes)
Chronic Hypertension (Yes)
Gestational Hypertension (Yes)
Previous live birth (Yes)
LGA (Yes)
10th percentile SGA (Yes)
Stress
None
1-2 Events
3-5 Events
6 or more Events

202
758
321
527
4,983
571
1,315

2.1
8.0
3.6
5.2
57.3
8.6
10.5

21
125
51
67
580
46
189

2.5
13.0
5.9
6.7
64.3
8.1
17.9

2,546
3,792
2,003
384

29.2
43.3
22.8
4.6

41
190
402
286

5.6
20.3
40.1
33.9

0.7
0.004
0.06
0.3
0.02
0.8
0.0001
<0.0001

Table 18b: Maternal socio-demographic characteristics by food insecurity status for 2012 to
2013
Maternal Socio-Demographic
Characteristics
Total
Maternal Age
18-24
25-29
30-34
35+
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
IOM GWG
Below
Within
Above

Food Secure
Unweighted
Percent
Frequency
(%)
(N)
8,643

Food Insecure
Unweighted
Frequency
(N)
912

Percent
(%)

p-value

2,016
2,690
2,566
1,453

84.1
91.7
94.2
94.3

393
253
178
95

15.9
8.3
5.8
5.7

<0.0001

5,348
314
1,842
802

92.2
83.0
89.1
94.2

506
49
211
75

7.8
17.0
10.9
5.8

<0.0001

1,021
1,790
5,914
5,875
3,303

86.0
85.5
93.6
94.9
82.9

173
443
303
380
652

14.0
14.4
6.4
5.1
17.1

<0.0001

584
4,329
2,072
1,740

88.8
92.4
92.3
86.9

75
376
203
265

11.2
7.6
7.7
13.1

0.0001

1,777
3,230
3,718

89.0
92.6
90.5

231
285
231

11.0
7.4
9.5

0.02
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<0.0001
<0.0001

Diabetes before pregnancy (Yes)
Gestational Diabetes (Yes)
Chronic Hypertension (Yes)
Gestational Hypertension (Yes)
Previous live birth (Yes)
LGA (Yes)
10th percentile SGA (Yes)
Stress
None
1-2 Events
3-5 Events
6 or more Events

202
758
321
527
4,983
571
1,315

89.7
86.1
86.2
88.8
90.0
91.5
85.6

21
125
51
67
580
46
189

10.3
13.9
13.8
11.2
10.0
8.5
14.4

0.7
0.004
0.06
0.3
0.02
0.8
0.0001

2,546
3,792
2,003
384

98.1
95.7
85.1
57.9

41
190
402
286

1.9
4.4
14.8
42.1

<0.0001

Table 19a: Maternal socio-demographic characteristics by gestational weight gain for 2012 to 2013
Maternal Socio-Demographic
Characteristics

Below IOM

(N)*
Total
Maternal Age
18-24
25-29
30-35
35+
Race/Ethnicity
NH white
NH black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
Food Insecure (Yes)
Chronic Diabetes (Yes)
Gestational Diabetes (Yes)
Chronic Hypertension (Yes)
Gestational Hypertension (Yes)

Met IOM

(%)

(N)*

2,008

Above IOM

(%)

3,515

(N)*

(%)

p-value

4,121

543
623
512
330

24.2
35.2
24.8
15.9

778
1,052
1,072
613

20.3
30.4
32.1
17.2

1,088
1,268
1,160
605

26.7
31.5
26.9
14.8

<0.0001

1,032
105
575
211

58.7
10.9
24.7
5.7

2,228
116
673
329

71.8
6.6
15.6
6.0

2,594
142
805
337

74.1
6.0
15.9
3.9

<0.0001

370
501
1,137
1,221
994

17.4
25.7
56.9
62.9
44.8

388
693
2,434
2,435
1,281

10.3
17.5
72.2
72.0
32.3

436
899
2,786
2,599
1,680

10.6
21.9
67.5
61.7
37.5

<0.0001

307
958
262
481
231
69
291
90
101

17.3
46.5
12.9
23.3
10.9
3.8
13.9
4.9
4.8

242
2,063
678
532
285
58
309
111
188

8.9
58.9
16.6
15.5
7.4
1.4
7.7
3.0
4.1

110
1,684
1,335
992
403
96
283
171
305

2.2
42.8
31.7
23.2
9.5
2.0
6.5
4.0
6.7

<0.0001
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<0.0001
<0.0001

0.02
0.003
<0.0001
0.11
0.006

Previous live birth (Yes)
LGA (Yes)
10th Percentile SGA (Yes)
Stressful events
None
1-2
3-5
6 or more

1,325
95
483

65.9
4.7
17.9

2,059
169
575

59.4
6.9
11.8

2,179
353
446

53.1
11.8
7.7

<0.0001
<0.0001
<0.0001

527
773
542
166

25.4
40.1
26.5
8.1

993
1,524
812
186

29.9
42.3
22.6
5.2

1,067
1,685
1,051
318

25.6
40.9
24.8
8.6

0.003

* Unweighted frequency

Table 19b: Maternal socio-demographic characteristics by gestational weight gain for 2012 to 2013
Below IOM

Maternal Socio-Demographic
Characteristics

(N)*
Total
Maternal Age
18-24
25-29
30-35
35+
Race/Ethnicity
NH white
NH black
Hispanic
Other
Maternal Education
<High School
High School
>High School
Married (Yes)
WIC (Yes)
Pre-Pregnancy BMI
<18.5
18.5-24.9
25.0-29.9
≥30
Food Insecure (Yes)
Chronic Diabetes (Yes)
Gestational Diabetes (Yes)
Chronic Hypertension (Yes)
Gestational Hypertension (Yes)

Met IOM

(%)

(N)*

2,008

(%)

3,515

Above IOM

(N)*

(%)

p-value

4,121

543
623
512
330

20.1
21.9
17.3
19.7

778
1,052
1,072
613

30.7
34.5
40.9
39.1

1,088
1,268
1,160
605

49.3
43.7
41.8
41.1

<0.0001

1,032
105
575
211

16.5
29.9
27.9
22.2

2,228
116
673
329

37.1
33.3
32.3
43.2

2,594
142
805
337

46.4
36.8
39.8
34.6

<0.0001

370
501
1,137
1,221
994

29.2
24.2
16.8
18.9
24.0

388
693
2,434
2,435
1,281

31.3
30.0
38.9
39.7
31.4

436
899
2,786
2,599
1,680

39.5
45.8
44.4
41.4
44.6

<0.0001

307
958
262
481
231
69
291
90
101

44.8
18.6
11.4
22.6
24.1
35.1
32.9
25.6
17.8

242
2,063
678
532
285
58
309
111
188

42.3
43.1
26.6
27.4
29.5
24.2
32.9
28.0
27.4

110
1,684
1,335
992
403
96
283
171
305

12.9
38.2
62.0
50.1
46.4
40.7
34.2
46.3
54.9

<0.0001
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<0.0001
<0.0001

0.02
0.003
<0.0001
0.11
0.006

Previous live birth (Yes)
LGA (Yes)
10th Percentile SGA (Yes)
Stressful events
None
1-2
3-5
6 or more

1,325
95
483

22.5
10.9
31.8

2,059
169
575

37.0
28.8
37.9

2,179
353
446

40.4
60.3
30.3

<0.0001
<0.0001
<0.0001

527
773
542
166

18.5
19.2
21.5
21.9

993
1,524
812
186

39.8
37.0
33.6
25.8

1,067
1,685
1,051
318

41.7
43.7
44.9
52.3

0.003

* Unweighted frequency

Food insecure women were significantly younger with 42.1% being 18 to 24 years old
compared to 22.1% for food secure women. Younger women were also disproportionately
represented among women who did not meet the IOM range for weight gain, particularly among
women who gained in excess. A higher percentage of food insecure women were Non-Hispanic
Black and Hispanic. Of note, the percentage of food insecure women who were Black was more
than twice the rate among food secure women (13.8% vs. 6.6%). Weight gain varied
significantly by race and ethnicity. A higher proportion of women who gained in excess were
White compared to women who met the range or were below the range. Black and Hispanic
women were disproportionately represented among women who gained below the IOM range. A
higher percentage of food insecure women did not complete high school or college compared to
food secure women. The proportion of women not completing high school among women below
the IOM range was almost twice the rate observed for those who met or were above the range.
The highest percentage of college attendees occurred among women who met the IOM range
(72.2%). Food secure women and those who met the IOM range were significantly more likely
to be married compared to food insecure women. WIC use among food insecure women was
significantly higher at 71.5% compared to 38.2% for food secure women. WIC use was highest
among women who fell below the IOM range at 44.8% compared to 32.3% for those who met
the IOM range and 37.5% for those who exceeded it. Almost a third of food insecure women
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were obese compared to 19.5% for food secure women. A higher percentage of women who
gained below the IOM range were underweight and obese compared to women who met the IOM
range. Women who exceeded the recommended weight gain had nearly twice the percentage of
overweight women compared to women who met the IOM range. Interestingly women who were
below and above the range had nearly the same proportion of obese women. The proportion of
food insecure women was significantly higher among those who gained below and in excess of
the recommended amount. The highest rate was found among women who gained below the
IOM range at 10.9%. Food insecure women were more polarized between inadequate and
excessive weight gain compared to food secure women. Overall, 36.8% of food secure women
gained the recommended amount compared to 29.5% among food insecure women. The
prevalence of diabetes before pregnancy was significantly higher among women who did not
gain adequate weight versus those who met the range (3.8% vs 2.4%). This was almost observed
for gestational diabetes with the rate being nearly twice that of women who met the
recommended amount. Interestingly, the rate of gestational diabetes was lowest for women who
exceeded the recommended range. The rate of chronic diabetes was similar between food
insecure and food secure women. However, the rate of gestational diabetes was significantly
higher among food insecure women (13.7% vs. 8.8%). Chronic hypertension did not
significantly differ by gestational weight gain; however, gestational hypertension was
significantly higher among women who gained excessive weight. Chronic hypertension and
gestational hypertension were both not significantly different by food security status. Women
who gained below the recommended amount had a significantly higher percentage of previous
live birth compared to both women who met the weight range and those who exceeded it. Food
insecure women also had a higher percentage of previous live births (64.3% vs. 57.3%). The
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amount of stress experienced by food insecure women was considerably higher with 33.9%
reporting that they had experience 6 or more stressful events compared to 4.6% for food secure
women. Approximately 70% of food secure women reported no stressful events or 1 to 2
stressful events, while over 70% of food insecure women reported 3 or more stressful events. A
higher proportion of women who gained above and below the recommended amount reported 3
or more stressful events compared to those who met the weight gain recommendation (33.4%
and 34.6% vs. 27.8%). LGA and 10th percentile SGA both varied significantly by gestational
weight gain. LGA increased by increasing weight gain while SGA decreased by decreasing
weight gain. A difference in rate of LGA was not observed by food security status. However,
SGA was significantly higher among food insecure women (17.9% vs. 10.5%).
Food Insecurity and Gestational Weight Gain
Research Question: What is the relationship between food insecurity and gestational weight
gain?
Table 20 summarizes the odds ratio estimates that explain the association between food
insecurity and gestational weight gain. The table includes unadjusted and adjusted models for
both food insecurity as the main predictor and covariates including number of stressful events,
pre-pregnancy BMI, maternal age and race/ethnicity. Adjusted models were also adjusted for
education, WIC use, and previous live birth. Unadjusted models show that food insecure women
are 60% more likely to gain below the IOM range compared to food secure women. While
significant in the adjusted model, once covariates were added to the model, the estimate was no
longer significant and changed in magnitude substantially. Food insecure women were also 30%
more likely than food secure women to gain above the recommended amount, however, this was
not significant.
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A significant association was found between pre-pregnancy BMI and weight gain in
pregnancy, even after adjusting for other covariates. The highest risk of not gaining enough
weight was seen among underweight women with an odds ratio of 2.0 [1.4-2.7]. However, this
was closely followed by obese women who had a 1.6 increased odds of not gaining enough
weight compared to normal weight women. The highest risk of gaining too much weight was
seen among overweight women who were nearly 3 times more likely to gain above the
recommended amount compared to normal weight women.
The youngest women (18-24 years) had the highest risk of both gaining above and below
the IOM recommended range, however, this was only significant in the unadjusted model for
gaining too much weight. Women in their 30s and 40s had a lower risk of not meeting the IOM
range compared to 25-29 year old women, however, this was only significant for women 30-35
years old.
Non-Hispanic Black women were twice as likely to not gain enough weight compared to
Non-Hispanic White women. They were not more likely to gain excessive weight. The
magnitude of effect showed that they had a lower risk of excessive weight gain compared to
White women. Hispanic women also had nearly double the risk of gaining below the
recommended amount and showed a lower risk of gaining in excessive that was not statistically
significant.
Table 20: The association between food insecurity, stress and select maternal characteristics with
gestational weight gain
Maternal SocioDemographic
Characteristics
Food insecurity
Previous live birth
Number of Stressful

Did not meet IOM

Below IOM

Above IOM

Unadjusted

Adjusted*

Unadjusted

Adjusted*

Unadjusted

Adjusted*

1.4[1.1-1.8]
0.9[0.8-1.05]

1.1[0.8-1.4]
0.9[0.8-1.03]

1.6[1.1-2.2]
1.3[1.1-1.6]

1.1[0.7-1.6]
1.3[1.02-1.6]

1.3[0.99-1.7]
0.8[0.7-0.9]

1.03[0.8-1.4]
0.7[0.6-0.9]
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Events
1-2
3-5
6+
Pre-pregnancy BMI
Underweight
Overweight
Obese
Maternal age
18-24
30-35
35+
Race
NH Black
Hispanic
Other

1.1[0.9-1.3]
1.3[1.1-1.6]
1.9[1.4-2.6]

1.1[0.9-1.3]
1.1[0.9-1.4]
1.6[1.2-2.4]

1.1[0.9-1.4]
1.4[1.1-1.8]
1.8[1.2-2.8]

1.1[0.9-1.4]
1.2[0.9-1.6]
1.5[0.9-2.5]

1.1[0.9-1.3]
1.3[1.04-1.6]
1.9[1.4-2.7]

1.1[0.9-1.3]
1.1[0.9-1.4]
1.7[1.1-2.5]

1.04[0.8-1.4]
2.1[1.7-2.5]
2.0[1.7-2.4]

0.9[0.7-1.3]
2.2[1.8-2.6]
1.9[1.6-2.4]

2.5[1.8-3.3]
0.9[0.7-1.3]
1.9[1.5-2.5]

2.0[1.4-2.7]
0.9[0.7-1.2]
1.6[1.2-2.1]

0.3[0.2-0.5]
2.6[2.2-3.2]
2.1[1.7-2.5]

0.3[0.2-0.5]
2.9[2.4-3.5]
2.2[1.7-2.7]

1.2[0.9-1.4]
0.8[0.6-0.9]
0.8[0.7-1.0]

1.04[0.8-1.3]
0.8[0.7-0.9]
0.8[0.6-1.0]

1.03[0.8-1.3]
0.7[0.5-0.8]
0.8[0.6-1.1]

0.9[0.7-1.2]
0.8[0.6-1.0]
0.8[0.6-1.1]

1.3[1.03-1.6]
0.8[0.7-0.9]
0.8[0.7-1.04]

1.2[0.9-1.5]
0.8[0.7-1.0]
0.8[0.6-1.0]

1.2[0.8-1.7]
1.2[1.04-1.5]
0.8[0.6-1.0]

0.9[0.7-1.4]
1.1[0.9-1.4]
0.8[0.6-1.1]

2.0[1.3-3.1]
1.9[1.6-2.4]
1.2[0.8-1.6]

1.6[1.02-2.5]
1.5[1.2-1.9]
1.2[0.8-1.6]

0.9[0.6-1.3]
0.9[0.8-1.2]
0.6[0.5-0.9]

0.7[0.5-1.03]
0.9[0.7-1.1]
0.7[0.5-0.9]

*Adjusted for previous live birth, education, WIC use, race and ethnicity, maternal age, pre-pregnancy BMI and
stress.

When looking at the effects of maternal characteristics, previous live birth was protective
against excessive weight gain. It was associated with an increased risk of excessive weight gain
but this association was no longer significant when adjusting for covariates. Stress was strongly
associated with weight loss in the unadjusted model but adjusting for covariates eliminated this
effect. However, stress was also strongly associated with excessive weight gain that followed a
trend. Women who experienced 6 or more stressful events were 72% more likely to gain
excessive weight compared to women who did not report stress. There was a strong association
between BMI and weight loss that persisted after adjusting for covariates. Obese women were
23.3 times more likely to lose weight compared to normal weight women. They also were 11.3
times more likely to not gain weight and 2.14 times more likely to gain excessive weight. In
unadjusted models, Non-Hispanic Black women were 3.3 times more likely to lose weight in
pregnancy and had a much lower risk of no change in weight and weight gain compared to NonHispanic White women. The association was no longer significant in the adjusted model.
However, Non-Hispanic Black women had a significantly lower risk of excessive weight gain
that persisted in the adjusted model. Hispanic women also had a 3 time increased risk of weight
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loss that did not persist after adjustment. Their risk of no change in weight was lower but not
significant, while their risk of excessive weight gain was significantly lower after adjustment for
covariates.
Food Insecurity, Weight Gain, and Maternal Characteristics
Research Question: Do select maternal characteristics mediate the relationship between food
insecurity and gestational weight gain?

Table 21: The association between maternal characteristics and food insecurity
Food Insecure
a

Unadjusted Model
1.34[1.05-1.71]

Adjusted Model
1.63[1.21-2.19]

Previous Live Birth
Maternal Age b
18-24
2.08[1.55-2.80]
1.45[1.03-2.05]
30-34
0.69[0.48-0.98]
1.09[0.75-1.59]
35+
0.67[0.44-1.02]
1.04[0.64-1.69]
Stress c
1-2
2.4[1.4-4.2]
2.2[1.3-3.8]
3-5
9.1[5.4-15.3]
6.2[3.6-10.8]
6+
38.0[21.9-66.1]
25.0[13.6-45.7]
Pre-pregnancy BMI d
Underweight
1.5[0.99-2.4]
1.2[0.7-2.0]
Overweight
1.0[0.7-1.4]
0.9[0.7-1.4]
Obese
1.9[1.4-2.5]
1.3[0.9-1.8]
a
Adjusted for maternal age, stress, education, WIC use, BMI and race/ethnicity.
b
Adjusted for previous live birth, stress, education, WIC use, BMI and race/ethnicity.
c
Adjusted for age, previous live birth, education, BMI, race, WIC use.
d
Adjusted for stress, age, previous live birth, education, race, WIC use.

Table 21 summarizes the results of the association between previous live birth, maternal
age, pre-pregnancy BMI, stress and food insecurity. Women who had a previous birth were 63%
more likely to be food insecure compared to first time mothers. The highest risk of food
insecurity was found among 18-24 year old women who were 45% more likely to be food
insecure. Women 30 years and older were less likely to be food insecure than 25-29 year old
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women, however, once covariates were added to the model the magnitude of effect changed to
show an increased association with food insecurity. These findings were not statistically
significant. Stress showed the greatest association with food insecurity compared to other risk
factors. There was a positive trend between increasing stress and increased risk of food
insecurity. Women who had 6 or more stressful events were 25 times more likely to be food
insecure even after adjusting for other covariates.
Being underweight and obese were both associated with being food insecure, however,
results were not statistically significant once the model was adjusted. Overweight women were
not more likely to be food insecure compared to normal weight women. Obese women were 30%
more likely to be food insecure while underweight women were 20% more likely to be food
insecure compared to normal weight women.

Pre-pregnancy BMI

Table 22: The percentage of women who met the IOM gestational weight gain recommendation
by pre-pregnancy BMI and food security status
Gestational
Weight
Gain

Normal BMI

Underweight

Overweight

Obese

Food
Secure

Food
Insecure

pvalue

Food
Secure

Food
Insecure

pvalue

Food
Secure

Food
Insecure

pvalue

Food
Secure

Food
Insecure

pvalue

Below IOM

18.5%

20.6%

0.007

45.7%

37.4%

0.2

10.6%

20.7%

0.05

21.9%

27.0%

0.4

Met IOM

44.2%

30.3%

42.6%

39.8%

26.9%

23.3%

27.1%

29.0%

Above
IOM

37.4%

49.1%

11.7%

22.7%

62.5%

56.0%

51.0%

44.0%

Table 22 compares the percentage of women who were either food secure or insecure by
their pre-pregnancy BMI status and whether they gained above or below the range. The RaoScott Chi-square test was used to determine whether differences were statistically significant.
Only women who had a normal weight before pregnancy had statistically significant differences
in food insecurity status and weight gain in pregnancy. It appears that women are more polarized
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into gaining above and below the recommended amount when they are food insecure. This could
be due to the severity of the food insecurity. Among normal weight women, 49.1% of those who
were food insecure gained excessive weight compared to 37.4% for food secure women. Only
30.3% of food insecure women gained within the recommended range. Underweight women who
were food insecure showed a trend towards gaining more weight than their food secure
counterparts. Fewer women who were underweight and food insecure gained below the range
and had twice the number of women gaining above the range. Overweight women, however,
showed the opposite effect with more food insecure women not gaining enough weight and less
women gaining above the range. This trend was also observed among obese women. What was
noticeable across all BMI groups, except for obese women, was that a lower percent of food
insecure women met the IOM range for weight gain in pregnancy.

Table 23: The odds ratios of not meeting the IOM range for gestational weight gain by BMI and
food insecurity status using normal weight food secure women as the reference group
Pre-pregnancy
BMI
and Food
Insecurity Status
Underweight
Food Secure
Food Insecure
Normal Weight
Food Insecure
Overweight
Food Secure
Food Insecure
Obese
Food Secure
Food Insecure

Did not meet IOM a

Above IOM a

Unadjusted
Model

Adjusted
Model*

Unadjusted
Model

Adjusted

1.1[0.8-1.4]
1.2[0.5-2.7]

0.9[0.7-1.4]
0.9[0.4-1.9]

0.3[0.2-0.5]
0.7[0.3-1.7]

1.8[1.2-2.7]

1.4[0.9-2.1]

2.1[1.8-2.6]
2.6[1.5-4.5]
2.1[1.7-2.6]
1.9[1.2-3.2]

Below IOM a
Unadjusted
Model

Adjusted

0.3[0.2-0.5]
0.5[0.2-1.3]

2.6[1.9-3.5]
2.2[0.9-5.6]

2.1[1.5-2.9]
1.3[0.5-3.6]

1.9[1.3-2.9]

1.5[0.9-2.3]

1.6[0.9-2.7]

1.1[0.7-1.9]

2.2[1.8-2.7]
2.2[1.2-4.0]

2.7[2.3-3.3]
2.8[1.6-5.1]

3.0[2.4-3.7]
2.6[1.4-4.7]

0.9[0.7-1.3]
2.1[0.9-4.6]

0.9[0.6-1.2]
1.6[0.7-3.6]

2.1[1.7-2.5]
1.6[0.9-2.7]

2.2[1.8-2.8]
1.8[1.04-3.1]

2.3[1.8-2.9]
1.6[0.9-2.8]

1.9[1.5-2.5]
2.2[1.2-4.1]

1.6[1.2-2.1]
1.5[0.8-3.0]

Model*

Model*

a

Reference group is normal weight, food secure women for all models.
*Adjusted for maternal age, stress, education, WIC use, previous live birth and race/ethnicity.

Table 23 summarizes the odds ratio estimates of the association between pre-pregnancy
BMI, food insecurity status and weight gain. Compared to normal weight food secure women,
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normal weigh food insecure women were almost twice as likely to gain excessive weight. This
effect was no longer significant when adjusting for covariates. They were also 60% more likely
to gain below the recommended amount, however, this was not statistically significant. The
magnitude of effect dropped to 10% more likely to not gain enough weight once covariates were
accounted for. The highest risk of gaining excess weight was seen among overweight women
who were approximately three times more likely to gain in excess. The differences in magnitude
were not substantial between food insecure and secure women for the overweight group. The
greatest difference observed in the overweight group was for women who gained below the
range. Food secure overweight women were less likely to gain below the recommended among
compared to normal weight food secure women, whereas, food insecure overweight women were
nearly twice as likely to gain below the recommended amount. These estimates, however, were
not statistically significant. In unadjusted models, both food insecure and food secure obese
women were approximately twice as likely to gain below and above the range. However, once
covariates were adjusted for, the estimates were no longer statistically significant for food
insecure women but remained statistically significant for food secure women.

Table 24: The odds ratios of gaining weight outside of the IOM range by pre-pregnancy BMI
status and food insecurity using food secure women as the reference group within each BMI
category
Pre-pregnancy BMI

Underweight
Normal Weight
Overweight
Obese

Did not meet IOM a

Above IOM a

Below IOM a

Unadjusted
Model

Adjusted
Model*

Unadjusted
Model

Adjusted
Model*

Unadjusted
Model

Adjusted
Model*

1.8[1.2-2.7]
1.1[0.5-2.6]
1.2[0.7-2.1]
0.9[0.5-1.5]

1.4[0.9-2.1]
0.9[0.4-2.0]
1.0[0.6-1.8]
0.8[0.4-1.3]

0.9[0.3-2.3]
1.6[0.9-2.7]
2.3[1.02-5.0]
1.1[0.6-2.2]

0.6[0.2-1.8]
1.1[0.7-1.9]
1.9[0.8-4.4]
0.9[0.5-1.9]

2.1[0.8-5.6]
1.9[1.3-2.9]
1.0[0.6-1.9]
0.8[0.5-1.4]

1.7[0.6-4.5]
1.5[0.9-2.3]
0.9[0.5-1.6]
0.7[0.4-1.2]

a

Food secure women are the reference group within each BMI category separately.
*Adjusted for maternal age, stress, education, WIC use, previous live birth and race/ethnicity.
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Table 24 further evaluates the relationship of food insecurity and weight gain by taking
into account BMI status. Food insecure women were compared to food secure women within
each BMI strata as meeting the IOM range is less likely for women who do not have a normal
pre-pregnancy BMI. The effect of food insecurity on weight was only found to be statistically
significant for normal weight and overweight women when other covariates were not accounted
for. Food insecure overweight women were 2.3 times more likely to not gain enough weight
compared to overweight food secure women, while normal weight food secure women were
twice as likely to gain excessive weight compared to food secure normal weight women.
Table 25 summarizes the results of the interaction between food insecurity and prepregnancy BMI on gestational weight gain.

Table 25: The interaction between food insecurity and pre-pregnancy BMI on gestational weight
gain
Interaction Terms

Food secure, Underweight
Food Insecure, Underweight
Food secure, Normal Weight
Food Insecure, Normal Weight
Food secure, Overweight
Food Insecure, Overweight
Food secure, Obese
Food Insecure, Obese

Interaction term odds ratio estimates and 95% CI
Below IOM
Above IOM
Unadjusted
Adjusted*
Unadjusted
Adjusted*
1.07[0.81-1.43] 1.26[0.89-1.78] 0.27[0.18-0.42]
0.26[0.16-0.42]
0.94[0.38-2.32] 0.81[0.30-2.16] 0.57[0.23-1.41]
0.44[0.18-1.07]
0.42[0.37-0.48] 0.61[0.48-0.76] 0.85[0.76-0.94]
0.80[0.66-0.97]
0.68[0.42-1.10] 0.69[0.41-1.15] 1.62[1.08-2.42]
1.17[0.76-1.82]
0.39[0.30-0.51] 0.52[0.37-0.72] 2.32[1.97-2.73]
2.39[1.90-2.99]
0.89[0.42-1.88] 0.96[0.42-2.17] 2.41[1.37-4.24]
2.05[1.12-3.75]
0.81[0.64-1.02] 0.98[0.73-1.30] 1.88[1.55-2.29]
1.84[1.43-2.37]
0.93[0.52-1.67] 0.92[0.48-1.79] 1.51[0.89-2.57]
1.28[0.73-2.24]

*Adjusted for maternal age, education, WIC use, previous live birth, stress and race/ethnicity.

There appeared to be a stronger effect of BMI on weight gain above the IOM recommendations
than weight gain below the recommendations. Only food insecure overweight women had a
significantly higher risk of excessive weight gain even after adjusting for maternal
characteristics. They were 2.05 times more likely to gain above the recommended amount.
However, food secure overweight women were 2.39 times more likely to gain above the
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recommended amount. This indicates that the presence of food insecurity attenuates the effect of
BMI on excessive weight gain among overweight women. This pattern was also observed for
obese women but the results were not statistically significant. The opposite trend was observed
for underweight and normal weight women. Food secure underweight women had a lower risk of
gaining above the recommended amount compared to food insecure underweight women, while
they had a higher risk of gaining below the recommended amount compared to food insecure
underweight women. Food secure normal weight women had a lower risk of gaining below the
range compared to normal weight food insecure women. They also had a lower risk of excessive
weight gain compared to food insecure normal weight women.
Table 26 summarizes the effects of the interaction between previous live birth and food
insecurity on gestational weight gain. Not having a previous live birth among food secure

Table 26: The interaction between previous live birth and food insecurity on gestational weight
gain
Interaction Terms

Previous live birth and food secure
Previous live birth and food insecure
No previous live birth and food secure

Interaction term odds ratio estimates and 95% CI
Below IOM
Above IOM
Unadjusted
Adjusted*
Unadjusted
Adjusted*
0.59[0.52-0.67]
0.91[0.73-1.12]
1.09[0.98-1.21] 0.87[0.71-1.08]
0.76[0.52-1.10]
0.81[0.53-1.24]
1.13[0.81-1.59] 0.75[0.50-1.11]
0.44[0.37-0.51]
1.34[1.19-1.50] 1.12[0.89-1.41]
0.69[0.53-0.89]

No previous live birth and food insecure

0.99[0.56-1.76]

1.15[0.60-2.21]

2.92[1.87-4.57]

1.70[1.02-2.82]

* Adjusted for maternal age, stress, education, WIC use, BMI and race/ethnicity.

women appeared to be more protective against gaining below the recommended amount while it
increased the risk of gaining excessive weight. However, the association did not remain
significant after adjusting for maternal characteristics. Among food insecure women, not having
a previous live birth increased the risk of gaining excessive weight even after adjusting for
maternal characteristics.
Maternal Age
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Table 27: The interaction between maternal age and food insecurity on gestational weight gain
Interaction Terms

Food secure, 18-24
Food Insecure, 18-24
Food secure, 25-29
Food Insecure, 25-29
Food secure, 30-34
Food Insecure, 30-34
Food secure, 35+
Food Insecure, 35+

Interaction term odds ratio estimates and 95% CI
Below IOM
Above IOM
Unadjusted
Adjusted*
Unadjusted
Adjusted*
0.61[0.50-0.75]
1.48[1.24-1.76]
1.19[0.93-1.51]
0.76[0.59-0.99]
0.99[0.60-1.62]
1.11[0.63-1.93]
2.64[1.78-3.92]
1.66[1.06-2.60]
0.63[0.53-0.76]
0.95[0.74-1.23]
1.27[1.10-1.46]
1.06[0.84-1.34]
0.64[0.35-1.16]
0.64[0.33-1.26]
1.28[0.76-2.15]
1.11[0.61-2.02]
0.39[0.33-0.47]
1.03[0.89-1.78]
0.90[0.70-1.16]
0.70[0.53-0.92]
0.97[0.50-1.91]
0.98[0.46-2.06]
0.93[0.50-1.71]
0.69[0.36-1.31]
0.50[0.39-0.63]
0.76[0.55-1.05]
1.06[0.88-1.28]
0.87[0.65-1.15]
0.63[0.28-1.41]
0.73[0.29-1.81]
0.89[0.39-2.07]
0.52[0.22-1.25]

* Adjusted for previous live birth, stress, education, WIC use, BMI and race/ethnicity.

Table 27 summarizes the interaction between maternal age and food insecurity on
gestational weight gain outcomes. Among food secure women, the risk of not gaining enough
weight in pregnancy decreased with increasing age. Adjusting for maternal characteristics
attenuated this effect and associations were no longer statistically significant. A clear trend was
not observed for food insecure women. Overall, food insecure women had a higher risk of not
gaining enough weight, however, the associations were not statistically significant. When
examining the effect on excessive weight gain, only food insecure women between the ages of
18 and 24 had a statistically significant increased risk of excessive weight gain. They were 66%
more likely to gain excessive weight compared to 19% for food secure 18-24 year old women.
The risks of excessive weight gain appeared to decrease with increasing age for both food secure
and food insecure women, however, the associations were not statistically significant.
Food Insecurity, Weight Gain and Stress
Research Question: What is the interaction between food insecurity and stress on gestational
weight gain?
Table 28 summarizes the percentage of women who gained above or below the
recommended weight by stress and food insecurity status. Statistically significant differences
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were only observed for overweight women. Among food insecure underweight women, the
percent who gained above the recommended amount increased as the number of stressful events
increased. This was also observed among food secure underweight women but the trend was not
as pronounced. Among overweight women who did not report stress, there was a statistically
significant difference in weight gain by food insecurity status. In total, 94% of overweight food
insecure women who reported not experiencing stress gained in excess compared to 64.1% of
food secure women. Among overweight food insecure women who reported between 1 and over
6 stressful events, the percent who gained below the range decreased and the percent gaining
above the range increased with increasing stress. Fewer women met the IOM recommendation as
Table 28: The percentage of women who met the IOM recommendation by stress and food
insecurity
Gestational
Weight Gain

No Stress
FS

FI

1-2 Stressful Events
P

FS

FI

3-5 Stressful Events

P

FS

6+ Stressful Events

FI

P

FS

FI

P

18.1

23.8

0.6

31.4

23.1

0.1

Normal Weight
Below IOM

17.7

2.7

Met IOM

49.5

Above IOM

32.8

0.3

18.0

13.9

0.05

53.4

43.4

28.1

40.4

39.3

29.5

19.2

43.7

38.6

58.0

41.5

36.8

39.1

57.8

24.0

31.5

Underweight
Below IOM

52.8

100.0

Met IOM

37.4

Above IOM

9.8

NA

44.3

20.5

0

45.3

0

10.4

0.3

44.5

41.7

0.8

67.5

39.2

34.2

62.5

30.0

12.1

16.2

24.1

13.5

38.5

8.4

18.8

0.3

Overweight
Below IOM

9.0

3.2

Met IOM

27.0

Above IOM

64.1

0.000
4

9.6

28.6

2.0

28.6

94.8

61.8

0.06

14.8

22.2

0.6

34.8

25.9

27.2

15.1

17.4

36.6

59.2

50.5

76.5

63.8

15.6

18.6

0.5

Obese
Below IOM

17.7

50.5

Met IOM

26.2

Above IOM

56.1

0.07

23.1

36.1

40.4

28.0

9.1

48.8

0.4

24.7

25.7

27.4

26.9

28.9

24.4

29.2

36.5

48.4

45.4

60.0

52.1
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0.05

0.8

*FS= Food Secure, FI=Food Insecure, P=p-value

stress increased. This was also seen among food secure overweight women where the percent
who met the IOM range decreased with increasing stress. Among obese food insecure women,
increasing stress correlated with increasing weight gain. Obese women who were food secure
had the highest rate of excessive weight gain among those who reported 6 or more stressful
events.
Table 29 summarizes the odds ratio estimates of meeting the IOM recommendation by
number of stressful events and by pre-pregnancy BMI. Unadjusted and adjusted models are
shown. Covariates included maternal age, education, WIC use, previous live birth, race/ethnicity
and food insecurity. Statistically significant results are bolded for clarity. The reference group is
women who had a normal pre-pregnancy BMI who did not report experiencing stressful events.
Overall, an increasing risk of gaining both above and below the IOM range was observed by
increasing stress for all BMI groups. Among underweight women, those who reported 6 or more
stressful events were nearly 6 times more likely to gain above the recommended weight. Stress
appeared to be associated with increased weight gain among underweight women. Among
normal weight women, women with the highest levels of stress had a more than 3 times
increased risk of gaining below the recommended amount. However, they also had a nearly 3
times increased risk of gaining above the recommended amount. Among overweight and obese
women, increasing stress was associated with both an increased risk of gaining above or below
the recommended amount. Obese women who had the highest levels of stress were nearly 4
times more likely to gain excessive weight. After adjusting for other covariates, including food

Table 29: The odds ratios of meeting the IOM range for gestational weight gain by prepregnancy BMI and stress
Stress

Unadjusted Model a
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Underweight

1-2
3-5
6+

1-2
3-5
6+

Normal Weight

Above
IOM

Met
IOM

Below
IOM

Above
IOM

Below
IOM

1.3
[0.5-3.2]
2.6
[1.1-6.2]
5.7
[1.8-17.9]

1.5
[0.9-2.6]
1.5
[0.8-2.8]
3.5
[1.4-8.7]

0.9
[0.6-1.5]
1.1
[0.7-1.9]
1.2
[0.4-3.8]

1.4
[0.5-3.2]
1.5
[1.1-2.1]
2.8
[1.7-4.7]

1.2
[0.9-1.6]
1.3
[0.9-1.9]
3.2
[1.8-5.6]

1.4
[0.6-3.6]
2.2
[0.8-5.6]
3.1
[0.9-10.9]

1.4
[0.8-2.5]
1.1
[0.5-2.2]
1.5
[0.5-4.6]

0.9
[0.6-1.5]
0.9
[0.5-1.5]
0.8
[0.3-2.9]

1.3
[1.02-1.7]
1.2
[0.9-1.7]
1.9
[1.1-3.4]

1.2
[0.8-1.6]
1.2
[0.8-1.7]
2.5
[1.3-4.9]

Overweight
Above
IOM

Met IOM

1.2
1.4
[0.9-1.5]
[0.9-1.9]
1.4
1.5
[0.9-1.9]
[1.01-2.3]
1.2
2.3
[0.6-2.6]
[1.3-3.9]
Adjusted Model a b
1.2
1.3
[0.9-1.5]
[0.9-1.9]
1.3
1.4
[0.9-1.8]
[0.9-2.2]
1.8
0.8
[0.9-3.4]
[0.3-1.8]

Obese
Below
IOM

Above
IOM

Met
IOM

Below
IOM

1.5
[0.8-2.6]
2.7
[1.4-5.2]
2.9
[1.1-8.1]

1.4
[1.04-2.0]
2.2
[1.5-3.2]
3.9
[2.3-6.9]

1.7
[1.1-2.6]
2.6
[1.7-4.1]
3.8
[1.8-8.2]

2.2
[1.4-3.3]
3.4
[2.1-5.5]
3.5
[1.7-7.1]

1.5
[0.8-2.7]
2.1
[1.1-4.4]
1.7
[0.6-4.9]

1.4
[0.9-1.9]
1.6
[1.1-2.4]
2.2
[1.1-4.2]

1.7
[1.1-2.6]
1.9
[1.2-3.1]
2.3
[0.9-5.2]

1.9
[1.2-3.0]
2.4
[1.5-3.9]
1.6
[0.7-3.7]

a

Reference group is normal weight women who met the IOM recommendation and did not report
stressful events.
b
Adjusted for maternal age, education, WIC use, previous live birth, race/ethnicity, and food insecurity.

insecure, the risk decreased to more than twice as likely to gain excessive weight compared to
normal weight women.
Table 30 summarizes the effects of including an interaction term between stress and food
insecurity on the association between food insecurity and gestational weight gain. There
appeared to be a visible trend towards stress increasing the risk of excessive weight gain among
food secure women in unadjusted models. However, when maternal characteristics were
accounted for the associations were no longer statistically significant indicating that the observed
associations can be explained by maternal characteristics. There also appeared to be an
increasing trend of stress and excessive weight gain among food insecure women in unadjusted
models. However, the associations were also no longer significant once adjusted for maternal
characteristics.

Table 30: Interaction of stress with food insecurity on gestational weight gain
Interaction Terms

Food secure, No stress
Food Insecure, No stress
Food secure, 1-2 events
Food Insecure, 1-2 events

Interaction term odds ratio estimates and 95% CI
Below IOM
Above IOM
Unadjusted
Adjusted*
Unadjusted
Adjusted*
0.48[0.40-0.58] 0.67[0.52-0.85]
1.11[0.96-1.27]
0.84[0.67-1.04]
0.76[0.22-2.57] 0.82[0.26-2.52]
1.44[0.45-4.32]
0.97[0.35-2.67]
0.53[0.45-0.61] 0.73[0.59-0.90]
1.21[1.07-1.36]
0.90[0.73-1.11]
0.71[0.38-1.35] 0.72[0.34-1.54]
1.09[0.59-2.03]
0.82[0.42-1.59]
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Food secure, 3-5 events
Food Insecure, 3-5 events
Food secure, 6+ events
Food Insecure, 6+ events

0.62[0.51-0.76]
0.76[0.48-1.22]
0.79[0.47-1.32]
0.99[0.53-1.87]

0.80[0.62-1.04]
0.87[0.51-1.49]
0.99[0.57-1.75]
1.14[0.58-2.24]

1.32[1.11-1.56]
1.14[0.75-1.74]
1.73[1.13-2.64]
2.54[1.48-4.37]

0.92[0.73-1.18]
0.84[0.53-1.33]
1.24[0.78-1.95]
1.76[0.98-3.16]

* Adjusted for maternal age, education, BMI, WIC use, previous live birth, and race/ethnicity.

Additional analyses using a generalized estimating equation (GEE) were conducted to
account for the state in which the mother resided at the time of pregnancy. An interaction term
between state and food insecurity was added to both the model for excessive weight gain and the
model for inadequate weight gain. Results showed that the interaction between state and food
insecurity was not significant. Therefore the effect of food insecurity on weight gain is not
dependent on the state of residence at the time of pregnancy. However, there are differences in
weight gain between states. For example, there was a greater risk of excessive gestational weight
gain among women residing in Oregon and Pennsylvania compared to women residing in
Colorado. Across all states, women had a greater risk of inadequate gestational weight gain
compared to women living in Colorado. However, adding state as a variable to the models does
not change the association between food insecurity and weight gain.
The effect of race and ethnicity on the association between food insecurity and
gestational weight gain was also examined. Sub analyses by race and ethnicity were limited due
to the smaller proportion of non-White women in the dataset. Additionally, Vermont did not
agree to release race and ethnicity information beyond whether or not women were non-Hispanic
White. When the analyses were restricted to only non-Hispanic White women, the higher risk of
inadequate weight gain among food insecure women became statistically significant despite
adjusting for maternal characteristics. Non-Hispanic White women who are food insecure are
66% more likely to not gain enough weight in pregnancy. This association was not significant
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among women who were not non-Hispanic White. The association with excessive gestational
weight gain remained non-significant in both groups.

CHAPTER 5:
DISCUSSION, RECOMMENDATIONS AND CONCLUSION
Summary of Points from Chapters 1 to 3
Weight gain in pregnancy is essential for the healthy growth and development of the fetus
but can also affect maternal health during and beyond pregnancy. Achieving a balance between
meeting the nutrient requirements of the fetus and protecting the health of the mother can be
challenging in the context of the current obesity epidemic and the increasing ages at which
women are giving birth. Women who are food insecure are significantly more likely to be obese
(Dammann & Smith, 2009; Drewnowski, 2004). This has been defined as the food insecurityobesity paradox (Dinour et al., 2007). The paradox appears to be gender specific as it is
consistently found to affect women but not men (Dinour et al., 2007; Drewnowski, 2004; Martin
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& Lippert, 2012). There has been scarce research conducted to determine if this paradox
translates to an increased risk of excessive gestational weight gain among food insecure women.
The few studies that have been conducted have shown that food insecure women are 87% more
likely to have higher gestational weight gain and are at higher risk for cardiovascular disease
(Laraia et al., 2010; Tayie & Zizza, 2009). Excessive weight gain in pregnancy is associated with
increased risks for cesarean delivery, hemorrhages, preeclampsia, gestational hypertension, fetal
macrosomia and low birth weight (Rodrigues, de Oliveira, Brito, & Kac, 2010; Nohr et al.,
2008). Neighborhood deprivation which is linked to food insecurity has also been found to affect
gestational weight gain and birth outcomes, however, few studies have been conducted in this
area. Results indicate an association between neighborhood deprivation and SGA, LGA, preterm
birth, stillbirth, low birth weight and inadequate weight gain (Metcalfe, Lail, Ghali, & Sauve,
2011; Opatowski et al., 2016; Poeran et al., 2013; Vos et al., 2014; Wentz, Messer, Nguyen, &
Boone-Heinonen, 2014; Yun et al., 2016). Maternal characteristics such as age, race/ethnicity,
pre-pregnancy BMI and stress may also play a role in weight gain. Understanding the dynamic
between food insecurity, neighborhood deprivation and gestational weight gain is important for
informing the development of interventions and programs, and to understand the potential
impacts of food insecurity on the growth and development of the fetus and on the health of the
mother.
In 2009, the IOM revised weight gain guidelines to account for increasing rates of obesity
and increasing maternal age. Some physicians and researchers argue that the upper limits of the
ranges are too high, particularly for overweight and obese women, and do not take into account
weight retention postpartum (Kominiarek et al., 2013; Mehta, Kruger, & Sokol, 2015; Practice,
2013). There have also been concerns that guidelines for obese women do not account for
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varying degrees of obesity (Kominiarek et al., 2013; Mehta et al., 2015; Practice, 2013). The
research in this area is lacking, particularly with regard to understanding the impact the
guidelines have on postpartum retention and pregnancy outcomes for type II and type III obese
women. The IOM recently called for more research into developing new evidence-based
theoretical frameworks for obesity prevention (Davis et al., 2012). The current study will help to
inform this initiative by examining different testable pathways for disparities in obesity and birth
outcomes.
The risks associated with excessive weight gain are not exclusive to overweight and
obese women. Normal weight women who gain excessive weight are at higher risk for
hypertension, cesarean delivery, LGA infants, and seizures (Chin et al., 2010). In contrast, the
research on inadequate gestational weight gain is limited, particularly for obese women. Some
studies indicate that there are no increased risks associated with inadequate weight gain for a
range of 6-14lbs. while others warn of irreversible impacts to fetal neurological development
(Practice, 2013; Rasmussen et al., 2010). Due to the limited evidence, the IOM does not
recommend that obese women gain below the range.
The IOM called for further investigation to determine if IOM guidelines are appropriate
for minority women, obese women, low income and food insecure women (Rasmussen &
Yaktine, 2009). Black women gain less weight on average and have the highest rate of low birth
weight infants (Allen, 2013b). The present study compares the patterns of association between
different race and ethnic groups to help understand the disparities that exists in meeting the IOM
recommendations and how this may contribute to disparities in maternal health and infant
outcomes. Understanding the relationships between neighborhood deprivation, food insecurity,
stress and pregnancy outcomes can help to design effective interventions. This study informs the
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literature on the significance of each construct in modifying weight gain among pregnant
women.
A conceptual framework that incorporated the Risk Regulator framework, Maslow’s
Hierarchy of needs and Syndemics Theory was used to guide this research. Furthermore, the
DOHaD hypothesis was used to explain the potential effects of gestational weight gain and stress
on infant outcomes. The Risk Regulator framework includes different levels of influence ranging
from distal macro to proximal micro levels. The life course perspective is shown in the
framework as a time axis to represent the cumulative effects of events that occur over a lifetime.
In the context of the current study, the life course perspective was used to explain the
effect of maternal age and previous live birth on gestational weight gain. A prospective cohort
design would have been a better approach to using the life course perspective with regard to
maternal age and previous live birth. The risk of developing obesity in the postpartum period
increases with each pregnancy if gestational weight is not controlled. Beyond weight retention
that may accumulate with consecutive pregnancies, already having children in the home may
impact weight gain among food insecure women through maternal deprivation. In an attempt to
protect their children from the effects of food insecurity, women prioritize feeding their children
over themselves (Dammann & Smith, 2009). In addition to this, maternal age may affect weight
gain through changes in metabolism that occur naturally with aging. The timing of food
insecurity during pregnancy has the potential to alter the trajectory of the life course for both
mother and infant through gestational weight gain and nutritional deficiencies. Optimal
nutritional status and adequate weight gain are essential for organ formation, healthy fetal
development and may lead to fetal programming that can affect health over a lifetime (Herman et
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al., 2013). The impact of chronic food insecurity over the life course can lead to the development
of pre-pregnancy obesity due to the food insecurity-obesity paradox.
The macro level incorporates neighborhood level characteristics used to define
neighborhood deprivation including the percent of males who are in management or professional
occupations, crowded housing, the percent of households in poverty, the percent of female
headed households with dependents, the percent of households that are dependent on public
assistance, the percent of households earning less than $30,000 per year, the percent of 25 year
olds and older with less than a high school education, and the percent of 16 year olds and older
who are unemployed (Messer et al., 2006). Research has shown that food insecurity is associated
with neighborhood characteristics including low income, high housing costs, and residential
instability (Bartfeld & Dunifon, 2006). At the state level, differences in residential mobility,
unemployment and housing costs are strong predictors of state food insecurity rates (Bartfeld &
Dunifon, 2006; Tapogna et al., 2004). There have also been a few studies that have indicated an
association between neighborhood deprivation, poor birth outcomes and inadequate gestational
weight gain with differences in outcomes by race (Culhane & Elo, 2005; Headen et al., 2012;
Schempf et al., 2011; Vinikoor-Imler et al., 2011). Neighborhood deprivation also leads to
increased exposure to stress. Women living in high deprivation neighborhoods have significantly
higher evening cortisol levels in late pregnancy (Thayer & Kuzawa, 2014). Experiencing
violence combined with hunger can lead to stress, depression, deliberate self-inflicted hunger,
and the inability to eat. The stress of poverty and violence can lead to a loss of appetite through
the development of depression and anxiety (Chilton & Booth, 2007).
The micro level of the Risk Regulator incorporates maternal characteristics like age,
stress and pre-pregnancy BMI that may impact weight gain through biological pathways
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including the HPA axis, metabolism, pre-pregnancy nutritional deficiencies, dopamine and
cortisol. Micro level factors also incorporate the DOHaD hypothesis that postulates that in utero
exposures alter fetal phenotypic expression of genes through epigenetic changes that silence or
amplify genetic transcription (Huang et al., 2009; Wells, 2012). DOHaD proposes that some
adult chronic diseases originate during fetal development and are a product of altered conditions
in utero due to 1) fetal programming through exposure to malnutrition, and 2) fetal programming
through exposure to glucocorticoids (Reynolds, 2013). An outcome of fetal programming is low
birth weight which is associated with cardiometabolic diseases and brain disorders. Cortisol
plays a role in controlling fetal growth, brain development and the rate of organ formation
(Reynolds, 2013). Stress, poor diet and infection weaken the placenta and its ability to filter out
glucocorticoids through the enzyme 11 beta-hydroxysteroid dehydrogenase type 2 (HSD2) which
may contribute to low birth weight (Reynolds, 2013). Stress can also lead to binge eating and
cravings for energy-dense foods in food insecure women. Women who are food insecure during
pregnancy report higher levels of perceived stress and disordered eating in the postpartum period
(B. Laraia et al., 2015). Prolonged stress can cause structural changes in the brain and alter brain
chemistry that influence decision making and behavior (McEwen et al., 2007). Dopamine
production decreases in response to stress while production is stimulated by consuming calorie
dense foods (Rodrigues, Leão, Carvalho, Almeida, & Sousa, 2011). Either the HPA axis or the
SAM system are activated in response to stress depending on the type of stress exposure (Adam
& Epel, 2007). The reward system of the brain may play a role in reinforcing dependence on
energy dense foods leading to compulsive overeating. The HPA axis is thought to be responsible
for changes in eating behavior during stress (Adam & Epel, 2007).
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At the center of the conceptual framework is the combined interaction between stress and
food insecurity on weight gain through the Syndemics theory and Maslow’s Hierarchy of Needs.
Low income individuals may be exposed to greater amounts of stress because of structurally
imposed conditions that lead to greater instability in their lives (Singer & Clair, 2003). The food
environment in low income neighborhoods, housing conditions, and barriers in access to
employment, education and healthcare may also contribute. The majority of individuals increase
food intake during stress while 30% decrease food intake (Adam & Epel, 2007). In the context of
Maslow’s Hierarchy of Needs, overcoming food deprivation is prioritized over engaging in
healthy eating behaviors because individuals need to meet basic needs first such as food and
shelter before they can focus on higher level needs such as the need of self-actualization through
healthy lifestyle choices. A discussion of how the results of the current study support the
framework is included in the following sections.
Based on the conceptual framework and previous literature, the following questions were
researched:
1) What is the association between neighborhood deprivation and gestational weight gain in
pregnant women?
2) Do select maternal characteristics mediate the relationship between neighborhood deprivation
and gestational weight gain in pregnant women (i.e. maternal age, previous live birth, prepregnancy BMI)?
3) What is the relationship between food insecurity and gestational weight gain in pregnant
women?
4) What is the interaction between food insecurity and stress on gestational weight gain?
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5) Do select maternal characteristics mediate the relationship between food insecurity and
gestational weight gain in pregnant women (i.e. maternal age, previous live birth, pre-pregnancy
BMI)?
The methodology used to answer the research questions included two separate secondary
data analyses using two separate study designs that each gave unique perspectives on this area of
research. Data from PRAMS, the ACS and Florida Vital Statistics were used as secondary data
sources to determine the impact of food insecurity and neighborhood deprivation on gestational
weight gain. The associations were further explored in the context of maternal characteristics
including pre-pregnancy BMI, age, race/ethnicity and previous live birth. The effect of stress on
the association between food insecurity and gestational weight gain was examined.
Neighborhood deprivation was measured through the creation of a neighborhood
deprivation index that was based on the Messer Index and generated using principal component
analysis (Messer et al., 2006). Mapping of neighborhood deprivation in four cities across Florida
was used to examine the distribution of deprivation and to compare deprivation over time.
Florida Vital statistics were merged with the deprivation index for the period of 2006 to
2014. Multilevel regression modeling was used to account for the hierarchy of the data and avoid
ecological fallacy. PRAMS was used to determine the association between food insecurity and
gestational weight gain and to examine the relationship in the context of stress and other
maternal characteristics. Analyses included Rao-Scott chi-square tests and logistic regression
modeling.
Contribution of Study Design
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The study results are based on two data sources which in combination can be used for
triangulation of outcomes. While one is measuring neighborhood deprivation and the other food
insecurity, these concepts are interconnected as previous research has shown. The study design
allows for the examination of how these concepts are connected and the contribution of both to
gestational weight gain outcomes. Including maternal characteristics in both sets of analyses also
provides triangulation of outcomes and helps to further understand how these characteristics alter
the main effect.
The two data sources include data from different states which helps to determine
generalizability of the results across communities and locations. Applying the index to several
cities in Florida demonstrates whether or not the results are consistent across the state. This index
and its definition of neighborhood deprivation have not been used in Florida before. Using this
index provides a new perspective into understanding the impact of neighborhood deprivation on
pregnancy outcomes in the state.
The size of the datasets is beneficial to understanding the topic on a larger scale and
within a broader context. The large sample sizes provide sufficient statistical power to identify
significant outcomes. Having multiple years of data adds to the validity of the findings by
showing that the results are not due to factors only found during a small time frame but are
consistent over a long period of time.
Studying the risk factors for gestational weight gain can help to understand the pathways
between food insecurity and neighborhood deprivation on adverse maternal and infant outcomes.
It can clarify the roles and contributions of food insecurity and neighborhood deprivation on
adverse infant outcomes like SGA and LGA, and possibly preterm birth. The additional
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examination of stress can determine its involvement in potential pathways for adverse infant
outcomes and how it interacts with food insecurity and gestational weight gain in these
outcomes.
Summary and Discussion of Findings
Approximately half of all women gained too much weight in pregnancy regardless of
food insecurity and neighborhood deprivation while a fifth of all women didn’t gain enough
weight. The results support the food insecurity-obesity paradox as a third of food insecure
women and a quarter of women living in the most deprived neighborhoods were obese prepregnancy. The rate of excessive gestational weight gain was highest in the 2nd and 3rd quartiles
of neighborhood deprivation while the rate of inadequate gestational weight gain was highest in
the most deprived neighborhoods. The results of the regression models show that the association
between excessive gestational weight gain and neighborhood deprivation is entirely accounted
for by differences in maternal characteristics. However, there was a significant association
between inadequate gestational weight gain and neighborhood deprivation despite adjusting for
maternal characteristics. Further analysis showed that the association between neighborhood
deprivation and gestational weight gain was mediated by maternal age, pre-pregnancy BMI,
previous live birth and race/ethnicity. Food insecure women did not show a significant increased
risk of excessive gestational weight gain but did show a 60% increased risk of inadequate
gestational weight gain. However, this was no longer significant after adjusting for maternal
characteristics. Stress did not mediate the association between food insecurity and gestational
weight gain. However, women with the highest reported levels of stress had the highest rates of
both excessive and inadequate weight gain. Results of the regression models showed that only
women with the highest reported stress levels had a significant increased risk of excessive
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gestational weight gain. The results support the framework used to guide the study. Adding the
Weathering Effect theory to the framework could explain the differences observed in gestational
weight gain by race and ethnicity.
Overall, Jacksonville had the lowest rate of neighborhood deprivation in the 2006 to 2010
time period. Miami appeared to have the greatest gap between least and most deprived
neighborhoods. The city had the highest rate of most deprived neighborhoods but also the second
highest rate of least deprived neighborhoods. In the 2010 to 2014 time period, Miami continued
to show the greatest gap between least and most deprived areas. However, the city’s rankings
changed where both the highest and lowest percentages of neighborhood deprivation were
observed. Jacksonville continued to have the lowest rate of most deprived neighborhoods and fell
to the second highest ranking for least deprived neighborhoods after Miami. Overall,
neighborhood deprivation increased in all MSAs between the two time periods, except for
Miami. The rate of most deprived neighborhoods increased by an average of 1.7% for Tampa,
Orlando and Jacksonville. A decrease in neighborhood deprivation was observed on the outskirts
of all MSAs, most likely due to urban growth.
Contrary to what was expected, the lowest rate of excessive gestational weight gain was
observed in the most deprived neighborhoods, while the second lowest rate was observed in the
least deprived neighborhoods and the highest rates were observed in the second and third
neighborhood quartiles. Bivariate analyses indicate that excessive weight gain occurs in
approximately half of all women regardless of neighborhood deprivation. Women who lived in
the least deprived neighborhoods had the highest rate of meeting the IOM guidelines. As
neighborhood deprivation increased, the rates of meeting the IOM guideline fell. Inadequate
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weight gain was highest in the most deprived neighborhoods and increased with increasing
deprivation in a linear trend.
Overall, nearly half of all women gained too much weight in pregnancy regardless of
neighborhood deprivation. This indicates that excessive weight gain is problematic regardless of
socio-economic status. However, the rate of obesity is significantly higher in the most deprived
neighborhoods and increases with increasing deprivation. The rate of obesity in the most
deprived neighborhoods is twice that of the least deprived neighborhoods. Therefore, a
deprivation-obesity paradox is clearly visible in the results. This contradiction between
gestational weight gain and BMI could be due to obese women being at higher risk for not
gaining enough weight compared to other pre-pregnancy BMI groups. Women in the most
deprived neighborhoods have a lower rate of being underweight pre-pregnancy compared to
other groups which doesn’t suggest an overall pattern towards inadequate weight outside of
pregnancy. Therefore, women in the most deprived neighborhoods have a higher rate of being
obese and not gaining enough weight in pregnancy. The results of the multilevel modelling
confirm this. Women in the most deprived neighborhoods have a 31% increased risk of gaining
below the recommended amount despite adjusting for maternal characteristics. There is a clear
linear trend of increasing risk of inadequate weight gain with increasing neighborhood
deprivation.
The risks of this combination in pregnancy are largely unknown and because of the lack
of research, the IOM does not recommend that obese women gain below the range. However,
consensus in the medical community has not been achieved in this area as some physicians
recommend that their obese pregnant patients do not gain weight in pregnancy. This is most
likely not the cause of the discrepancy in gestational weight gain observed as it is unlikely that
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doctors are more likely to recommend that their patients who live in more deprived
neighborhoods gain less weight. Therefore, this could be a product of the neighborhood
environment or the conditions of women’s lives that are unaccounted for in the analysis, such as
food insecurity.
There was no trend of increasing risk for excessive weight gain observed by increasing
neighborhood deprivation when maternal characteristics were accounted for. There was only a
slight 2% increased risk of excessive weight gain for the second neighborhood quartile compared
to the least deprived neighborhood quartile. The association between neighborhood deprivation
and excessive gestational weight gain was only significantly higher (10%-14%) without
adjusting for maternal characteristics. Therefore, maternal characteristics including age,
race/ethnicity and pre-pregnancy BMI account for all of the variation and increased risk
observed with increasing neighborhood deprivation. The risk of excessive weight gain was much
higher for obese women at 149% compared to the increased risk of inadequate weight gain of
25%. However, these results include all women. The multilevel regression models did not show
that the increased risk of inadequate weight gain observed by neighborhood deprivation was due
to a higher prevalence of obesity. When stratified by BMI, obese women in least deprived
neighborhoods had the same risk of inadequate weight gain compared to obese women in the
most deprived neighborhoods. Other BMI groups had significantly increased risks ranging from
12% to 44%. Another indication that the observed association between neighborhood deprivation
and inadequate weight gain is not explained by BMI is that the increased risk observed by
neighborhood deprivation is adjusted for BMI in the models. It is possible that the association is
due to a factor that has been unaccounted for, such as food insecurity or stress.
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When examining the results from the PRAMS analysis, food insecure women had
significantly higher rates for both inadequate and excessive weight gain compared to food secure
women. They also had a significantly higher rate of obesity compared to food secure women
(29.8% vs. 19.5%, respectively). The higher rate of excessive weight gain contradicts the results
observed for neighborhood deprivation. This could be due to differences in population
characteristics between Florida and states included in the PRAMS dataset or to a factor specific
to food insecurity that differs from neighborhood deprivation in its effect on weight gain.
Interestingly, the proportion of obese women who gained above and below the recommended
range did not differ. The highest rate of excessive weight gain was found among overweight
women at 62% while the second highest rate was found among obese women at 50%. The
second highest rate of inadequate weight gain was observed among obese women at 22.6% after
underweight women at 44.8%. Overall, 46.4% of food insecure women gained excessive weight,
while 29.5% met the IOM recommendation and 24.1% gained below the recommended amount.
The results of the logistic regression modelling found no significant association between
food insecurity and excessive or inadequate weight gain once maternal characteristics were
accounted for. Before adjusting for maternal characteristics there was a 60% statistically
significant increased risk of inadequate weight gain and a non-significant 30% increased risk of
excessive weight gain. The change in association observed with the addition of maternal sociodemographic characteristics to the model indicates that the association was accounted for entirely
by maternal socio-demographic characteristics that included age, race and ethnicity, WIC use,
stress, previous live birth, and pre-pregnancy BMI. While the regression results are similar to
those of neighborhood deprivation for excessive gestational weight gain, they differ in the
association with inadequate gestational weight gain. This suggests that the increased risk of
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inadequate weight gain observed with neighborhood deprivation is not due to food insecurity
since this was accounted for by maternal characteristics in the food insecurity models and
maternal characteristics were adjusted for in the multilevel models for neighborhood deprivation.
The association between neighborhood deprivation and inadequate weight gain is
consistent with the limited research that has been done in this area. In one study, mid-high to
high neighborhood deprivation was associated with inadequate weight gain while no association
was found for excessive weight gain (Mendez et al., 2014). Neighborhoods with poor housing
conditions and high levels of physical disorder are shown to be associated with both excessive
and inadequate gestational weight gain (Laraia, Messer, Evenson, & Kaufman, 2007; VinikoorImler et al., 2011). While the neighborhood deprivation index includes neighborhood
characteristics it does not directly account for the built environment. Research shows that
neighborhood social spaces, including parks and places where communities can gather, decrease
the risk of inadequate gestational weight gain by 25% and lower the risk of excessive gestational
weight gain by 31% (Laraia et al., 2007). It is interesting to note, however, that neighborhoods
with higher number of social spaces are less likely to be more than 3 miles away from the nearest
grocery store (Laraia et al., 2007).
The results found for food insecurity contradict previous research that indicates an
increased risk of excessive gestational weight gain among food insecure women. Laraia et al.
found that food insecure women are 87% more likely to have high gestational weight gain (
Laraia et al., 2010). However, the association observed in the study by Laraia et al. was also not
statistically significant. The results of the present study show a 60% increased risk of excessive
weight gain in food insecure women that is not statistically significant. The Laraia study also
found a strong association between food insecurity and pre-pregnancy obesity (OR 2.97, 95% CI
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1.44-6.14) which is higher than the estimates found in this study (Laraia et al., 2010). In the
unadjusted model, food insecure women were 90% more likely to be obese and 30% more likely
to be obese after adjusting for covariates. According to another study, gestational weight gain
was found to vary among food insecure women by whether or not they had high dietary restraint.
Dietary restraint is defined as deliberately limiting food intake, however, it can also suggest
restricted food access. Women who were food insecure and had low dietary restraint had less
weight gain compared to food secure women with low dietary restraint (Laraia et al., 2013).
Women who were food insecure with high dietary restraint had greater weight gain compared to
food secure women with high dietary restraint (Laraia et al., 2013). This suggests that weight
gain in food insecure women is dependent on the consistency of access to food and whether a
feast/famine cycle or cyclical eating pattern is present. The present study was not able to
determine whether or not women engaged in these eating behaviors but this may explain why the
results show polarization within the food insecure group between excessive and inadequate
weight gain.
It is also possible that the differences in results with previous research are due to
limitations with the variable used to define food insecurity in the PRAMS data. The definition of
food insecurity was based solely on one question which could not account for different levels of
food insecurity. Therefore, the direction of misclassification is most likely towards the null with
food insecure women being misclassified as food secure, particularly if they are marginally food
insecure. It is possible that marginally food insecure women are more likely to gain excessive
weight while moderately or severely food insecure women are more likely to have inadequate
weight gain. Further research using a food insecurity scale would be needed to capture this
distinction and determine if this is the case. While the use of one question could not determine
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the degree of food insecurity, the validity of using a one question rapid assessment tool has
previously been assessed and determined to have a high degree of sensitivity and specificity
(Bjornoy Urke et al., 2014; Kleinman et al., 2007; Nolan et al., 2006).
Stress may also play a role in the observed results. While the effects of stress could not be
determined for the analysis of neighborhood deprivation, stress did show a significant
association with both gestational weight gain and food insecurity. Overall, 33.9% of food
insecure women had 6 or more stressful events compared to 4.6% of food secure women. Among
women with 6 or more stressful events, 52.3% gained excessive weight compared to 41.7%
among women with no reported stressful events. Women with 6 or more stressful events also had
the highest rate of inadequate weight gain (21.9%) and the lowest rate of meeting weight gain
guidelines (25.8%). The results of the logistic regression modeling showed that stress was
associated with both inadequate and excessive weight gain in unadjusted models. The only
association that remained significant after adjusting for maternal characteristics was for
excessive weight gain in women with 6 or more stressful events. This indicates that other
observed associations were entirely due to maternal characteristics. Overall, women with 6 or
more stressful events were 25 times more likely to be food insecure after adjusting for maternal
characteristics.
Further examination by food insecurity status found that food insecure women with 6 or
more stressful events had a 154% increased risk of excessive weight gain compared to 44% for
food insecure women with no reported stress and 73% for food secure women with 6 or more
stressful events. However, these associations were no longer statistically significant when
adjusting for maternal characteristics. The effects of stress drive weight gain in the direction of
gaining weight and not losing weight. When stress was further examined by pre-pregnancy BMI
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status, statistically significant results were only observed for normal weight women, overweight
women and obese women. Normal weight women with 1-2 stressful events had a 30% increased
risk of weight gain above the IOM range while normal weight women with 6 or more stressful
events had a 90% increased risk of excessive weight gain. In contrast, normal weight women
with 6 or more stressful events also had a 150% increased risk of inadequate weight gain even
after adjusting for maternal characteristics including food insecurity. This demonstrates the
effects of stress alone on weight gain outside of the effects of food insecurity and abnormal BMI.
Among overweight women, only women who reported 3-5 stressful events had a 110% increased
risk of inadequate weight gain compared to normal weight women who met the IOM
recommendation and reported no stress. Among obese women, they were 60% more likely to
experience excessive weight gain with 3-5 stressful events and 120% more likely to experience
excessive weight gain with 6 or more stressful events compared to normal weight women with
no reported stress. With 1-2 stressful events reported, obese women had a 90% increased risk of
inadequate weight gain and a 140% increased of inadequate weight gain with 3-5 stressful
events. The effects of stress vary by pre-pregnancy BMI status in a linear trend. While associated
with both excessive and inadequate weight gain, lower levels of stress appear to drive weight
gain while higher levels of stress appear to drive weight loss among normal weight women even
after adjusting for food insecurity. There appears to be a complex relationship between stress,
BMI, and food insecurity on weight gain that is dependent on the levels of each predictor.
Stress may be responsible for the association between neighborhood deprivation and
inadequate weight gain that was not accounted for by maternal characteristics. A previous study
examining the association between neighborhood deprivation and SGA hypothesized that the
observed association could be due to the effects of increased stress (Wentz et al., 2014). SGA has
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been previously associated with inadequate weight gain, which according to the results of this
study could be related to increased stress and further amplified by food insecurity status.
Pre-pregnancy BMI appears to modify the effect of both neighborhood deprivation and
food insecurity on gestational weight gain. The risk of inadequate weight gain between BMI
groups is attenuated towards the null with increasing neighborhood deprivation. Among women
living in the least deprived neighborhoods, those who were obese had a 49% increased risk of
inadequate weight gain compared to normal weight women. In the most deprived neighborhoods,
obese women only had a 4% increased risk of inadequate weight gain compared to normal
weight women. This is most likely due to an increased risk of inadequate weight gain among
normal weight women with increasing neighborhood deprivation and no change in increased risk
among obese women. Further analyses showed that among normal weight women, those who
lived in the most deprived neighborhoods had a 44% increased risk of inadequate weight gain
compared to normal weight women living in the least deprived neighborhoods. Among obese
women, those in the least deprived neighborhoods had the same risk of inadequate weight gain as
those in the most deprived neighborhoods. This could be an indication of multiple factors
including physicians encouraging obese women to not gain weight. However, when comparing
obese women for excessive weight gain, those living in the least deprived neighborhoods had a
14% increased risk of excessive weight gain compared to those living in the most deprived
neighborhoods. Obesity alone has an effect on weight gain in pregnancy. This is confirmed by
both the analyses of neighborhood deprivation and food insecurity. In the PRAMS data, obese
women are 60% more likely to gain below the range and 120% more likely to gain above the
range. In the Florida analysis, obese women are 23% more likely to gain below and 149% more
likely to gain above the range. The variation may reflect differences in the source populations
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between different states. Food insecure women were 30% more likely to be obese and 20% more
likely to be underweight compared to food secure women. However, these associations were not
found to be statistically significant indicating that the significant association between obesity and
food insecurity observed in unadjusted models could be accounted for by maternal characteristics
including stress, WIC use or previous live birth.
Previous research has conclude that reducing weight gain limits for obese women had an
adverse impact on birth weight (Practice, 2013). Other research suggests an irreversible effect on
fetal neurological development (Rasmussen et al., 2010). Research specific to obese women has
found that infants born to women who lose weight are more likely to have restricted growth
(Practice, 2013). There appears to be a trade-off between what is ideal for adequate fetal growth
and infant outcome, and what is ideal for minimizing the risks associated with weight gain in
obese women. More research is needed to understand if very low weight gain among class II and
III obese women can be managed in a way to avoid adverse outcomes including adverse
neurological outcomes in the infant (Rasmussen et al., 2010).
Gestational weight gain also varied by race and ethnicity. Similar results were observed
for previous research. A study on neighborhood deprivation found that Black women are more
likely to gain inadequate weight in pregnancy compared to White women (Headen et al., 2012).
In the current study, there was a considerable difference in the distribution of race and ethnicity
across quartile of neighborhood deprivation. Almost half of Non-Hispanic Black women lived in
the most deprived neighborhoods, followed by a third of Hispanic women. Only 12% of NonHispanic White women lived in the most deprived neighborhoods. Non-Hispanic Black women
had the lowest rate of meeting the IOM guidelines. Approximately half gained excessive weight
while 21.7% gained below the IOM range. The results of the multilevel modelling showed that
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Non-Hispanic Black women had a 31% increased risk of inadequate weight gain compared to
Non-Hispanic White women after adjusting for maternal characteristics. Hispanic women had a
16% increased risk. After stratifying for neighborhood deprivation, Non-Hispanic Black women
living in the least deprived neighborhoods had a 46% increased risk of inadequate weight gain
compared to Non-Hispanic white women living in the same neighborhoods. Hispanic women
living in the least deprived neighborhoods had a 16% increased risk. When stratifying by race
and ethnicity, it was found that Non-Hispanic Black women living in the most deprived
neighborhoods had a 15% increased risk of inadequate weight gain compared to Non-Hispanic
Black women living in the least deprived neighborhoods. What is interesting to note is that this
finding is the smallest change in effect compared to other race and ethnic groups. This indicates
that Non-Hispanic Black women have the smallest amount of change in outcome when
comparing most to least deprived neighborhoods. Non-Hispanic White and Hispanic women
living in the most deprived neighborhoods both had a 30% increased risk of inadequate weight
gain compared to their counterparts living in the least deprived neighborhoods. When examining
the association with excessive weight gain, Non-Hispanic Black women, Hispanic women and
women classified as ‘Other’ all had lower risks of excessive weight gain compared to NonHispanic White women. No difference in excessive weight gain was found between NonHispanic White women and Non-Hispanic Black women in the least deprived neighborhoods.
However, in the most deprived neighborhoods, Non-Hispanic Black women had a lower risk of
excessive weight gain compared to White women. Hispanic women followed a similar pattern
except that they had a slightly lower risk of excessive weight gain compared to White women in
the least deprived neighborhoods. When stratifying by race and ethnicity, the only group to have
a higher risk of excessive weight gain with increasing neighborhood deprivation was Non147

Hispanic White women. This coincides with previous research that shows that Black and
Hispanic women are more likely to not gain enough weight in pregnancy compared to White
women (Headen et al., 2012). Additionally, previous research has shown that with increasing
neighborhood deprivation, White women are more likely to deliver an LGA infant while the
risks decrease among Black women (Wentz et al., 2014).
The PRAMS dataset had a much smaller percentage of Non-Hispanic Black and Hispanic
women compared to the Florida dataset, causing more difficulty in assessing the variations in
outcomes by race and ethnicity. There was a significantly higher proportion of Non-Hispanic
Black and Hispanic women who were food insecure compared to food secure. Overall, 17.0% of
Non-Hispanic Black women were food insecure compared to 10.9% of Hispanic women and
7.8% of Non-Hispanic White women. Non-Hispanic Black women had the highest rate of
inadequate weight gain. Approximately a third did not gain enough weight compared to 16.5%
for Non-Hispanic White women. This was similar to Hispanic women as nearly a third gained
below the range. Non-Hispanic White women had the highest rate of excessive weight gain at
46.4%. In the logistic regression modelling, non-Hispanic Black women had a 60% increased
risk of not gaining enough weight and Hispanic women had a 50% increased risk compared to
Non-Hispanic White women after adjusting for maternal characteristics including food
insecurity.
Non-Hispanic Black women were consistently found to have an increased risk for
inadequate weight gain in both the Florida and PRAMS analyses. Based on these results it is
possible that inadequate weight gain may be partially contributing to the increased prevalence of
low birth weight, SGA and preterm birth among Non-Hispanic Black women (Culhane & Elo,
2005; Headen et al., 2012; Schempf et al., 2011; Vinikoor-Imler et al., 2011). Disparities in
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pregnancy outcomes are well established with Black women having twice the infant mortality
risk, twice the risk of preterm birth, twice the risk of SGA and two to three times the risk of
delivering a low birth weight infant compared to White women (Culhane & Elo, 2005; Elo et al.,
2009; Headen et al., 2012; Schempf et al., 2011; Vinikoor-Imler et al., 2011). It has been
hypothesized that SGA develops through stress-related pathways and that living in a high
deprivation neighborhood may contribute to increased physiological stress and psychosocial
distress (Wentz et al., 2014;Yang et al., 2015). Neighborhood characteristics have been found to
account for 15% of the racial disparity in preterm birth with a more pronounced effect on very
preterm birth (Schempf et al., 2011).
The increased risk of inadequate weight gain still observed among Non-Hispanic Black
women who live in least deprived neighborhoods could be attributed to perceived discrimination
which increases stress and adverse outcomes. The additional burden of perceived discrimination
in Non-Hispanic Black women living in the most deprived neighborhoods could also account for
the increased risks observed in this population compared to other racial and ethnic groups.
Perceived discrimination has been shown to have deleterious effects on mental and physical
health through several pathways including a heightened stress response that results in high blood
pressure, elevated heart rate, cardiovascular disease and high cortisol levels (Pascoe & Smart
Richman, 2009). Perceived discrimination also inhibits self-control in engaging in risky
behaviors and unhealthy habits like smoking and alcohol use as coping mechanisms (Pascoe &
Smart Richman, 2009). Whether or not perceived discrimination impacts eating behaviors among
food insecure women needs further investigation. However, it is plausible given that food is
used as a coping mechanism against stress and discrimination heightens the stress response.
Another potential explanation can be derived from the Weathering Effect hypothesis which states
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that the health of Black women deteriorates at an earlier age due to the cumulative health effects
of socio-economic disadvantage (Geronimus, 1992). Consequently, Black infant mortality
increases at a higher rate with maternal age in Black women compared to White women
(Geronimus, 1992). It is possible that Non-Hispanic Black women living in the least deprived
neighborhoods have accumulated additional weathering due to discrimination and disadvantage
that account for the smallest observed improvement in inadequate weight gain between levels of
neighborhood deprivation across racial and ethnic groups.
When examining maternal age it was evident that estimates varied considerably between
levels of neighborhood deprivation and by food insecurity status. Over 40% of women 35 and
older lived in the least deprived neighborhoods while nearly 40% of younger women (18-24
years old) lived in the most deprived neighborhoods. Older women had the lowest rate of
excessive weight gain and the highest rate of meeting the IOM range. In contrast, younger
women (18-24 years old) had the highest rate of gaining below the recommended amount, the
lowest rate of meeting the IOM range and the second highest rate for excessive weight gain. In
Florida, they had a 10% increased risk of not meeting the IOM range, a 9% increased risk of
gaining below the range and an 11% increased risk of gaining above the range compared to 2529 year old women. The risk of inadequate weight gain decreased with increasing neighborhood
deprivation with 18-24 year old women living in the most deprived neighborhoods having a 25%
increased risk of inadequate weight gain. Across all age groups, women in the most deprived
neighborhoods had between a quarter to an almost 40% increased risk of inadequate weight gain
compared to their age group peers. The highest risk was observed in women over 30. This shows
that age is an important factor that affects gestational weight gain that is further exacerbated
when neighborhood deprivation is present. While the risk of excessive weight gain in younger
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women was consistently higher compared to other age groups across levels of neighborhood
deprivation, the risk decreased with increasing deprivation. When compared within their own age
group, the women living in the most deprived neighborhoods had a statistically significant lower
risk of excessive weight gain. The effect of neighborhood deprivation on excessive weight gain
was only significant for women under 30 years old.
When examining food insecurity, 42.1% of food insecure women were 18-24 years old
compared to 22.1% for food secure women. Nearly 16% of 18-24 year old women reported food
insecurity compared to only 5.7% for women older than 35. Again, similar to results of the
Florida analysis, younger women had the lowest rate of meeting the IOM range. Interestingly,
they had the highest rate of excessive weight gain and the second highest rate of inadequate
weight gain. Adjusting for maternal characteristics attenuated a statistically significant 30%
increased risk of excessive weight gain to a non-significant 20% increased risk. There was no
statistically significant increased risk of inadequate weight gain or not meeting the IOM range
for younger women. This is different than what was observed in Florida for neighborhood
deprivation.
Whether a woman had a prior delivery affected gestational weight gain and this effect
varied by whether or not they lived in a high or low deprivation neighborhood. For women living
in the least deprived neighborhoods, not having a previous pregnancy increased the risk of
inadequate weight gain while for women living in the most deprived neighborhoods, having a
previous pregnancy increased the risk of inadequate weight gain. The pattern for excessive
weight gain differed. Women in the least and most deprived neighborhoods had the same
increased risk of excessive weight gain with a previous birth. The highest risks were for women
in the second and third quartiles of neighborhood deprivation. In the PRAMs analysis, only food
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insecure women with no previous live birth had a statistically significant 70% increased risk of
excessive weight gain. Overall, it appeared that women pregnant with their first child were more
likely to have excessive weight gain. This was slightly different than the results of the Florida
analysis. This finding coincides with previous research that indicates that a first pregnancy is
more likely to result in excessive weight gain (Wells, 2006; Brawarsky, 2005).
Most women gained excessive weight in pregnancy regardless of food insecurity or
neighborhood deprivation. Once maternal characteristics were accounted for, no association was
found between excessive gestational weight gain and food insecurity or neighborhood
deprivation. This is surprising given the food insecurity-obesity paradox and the finding that
food insecure women are more likely to be obese. A strong association was seen between
neighborhood deprivation and inadequate weight gain in pregnancy. Food insecurity was
associated with both excessive and inadequate weight gain, however both were accounted for by
maternal socio-demographic characteristics. Stress did not modify this effect but was strongly
associated with food insecurity and excessive weight gain in obese women. Maternal sociodemographic characteristics significantly modified the effect of neighborhood deprivation and
food insecurity on gestational weight gain.
Implications of study findings
Theoretical Implications
The results support the framework used to guide the study. However, the addition of the
Weathering Effect would help to explain differences in gestational weight gain observed by race
and ethnicity. A box representing discrimination could be added with a pathway connecting it to
the time axis representing the life course. This would represent the cumulative effect of
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discrimination over time that causes weathering and increases the risk of poor pregnancy
outcomes including inadequate gestational weight gain.
The research questions were largely driven from evidence supporting a food insecurityobesity paradox which states that socio-economically disadvantaged populations have higher
rates of obesity despite having more limited access to resources. While the results of this study
support the existence a food insecurity-obesity paradox given that obesity was found to be
associated with food insecurity, the results do not show a pattern of excessive gestational weight
gain associated with food insecurity. However, this finding varied depending on maternal sociodemographic characteristics. The only group experiencing excessive weight gain associated with
increasing neighborhood deprivation was Non-Hispanic White women. Hispanic and NonHispanic Black women, although still having high rates of excessive weight gain overall, were
found to have increased risks of inadequate weight gain with greater neighborhood deprivation.
Inadequate weight gain was strongly associated with neighborhood deprivation even after
adjusting for maternal socio-demographic characteristics, while the association between
excessive weight gain and neighborhood deprivation, excessive weight gain and food insecurity
and inadequate weight gain and food insecurity were accounted for by adjusting for maternal
socio-demographic characteristics. This demonstrates that there is an effect of macro level
factors on gestational weight gain in the risk regulator framework.
Stress, although strongly associated with food insecurity, was only found to significantly
increase the risks of excessive weight gain in obese women. This could indicate that there was
already a predisposition towards using food to cope in response to stress prior to pregnancy. The
interaction between stress and food insecurity on weight gain was not significant indicating that
the two are not synergistic. The Syndemics Theory was not supported with the results of this
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analysis, however, Syndemics Theory is still applicable to the overall framework based on the
disparities observed between race and ethnicity. The Weathering Effect could be added to the
overall framework to also incorporate evidence of differences in outcomes for Non-Hispanic
Black women. The life course perspective incorporated within the time axis of the framework
also captures the concept of weathering. Maternal age had a significant impact on weight gain in
pregnancy with younger women having higher risks for excessive weight gain. Being nulliparous
also increased the risk of excessive weight gain but this was found to vary depending on
neighborhood deprivation and food insecurity. This is indicative of weathering and also of
maternal deprivation. Additionally, it highlights that the micro level factors were significant in
the risk regulator framework. While the DOHaD hypothesis could not be directly measured in
this analysis, the strong association between stress and food insecurity could point towards a
potential pathway that leads to adverse infant outcomes. Since food insecure women have
significantly greater stress and a higher risk of inadequate weight gain, their infants are at greater
risk for epigenetic changes according to the DOHaD hypothesis.
Public Health Practice Implications
Observed disparities in pregnancy-related weight gain across race, maternal age and
socio-economic status have implications for infant outcomes and maternal health over the life
course. Weight gain in pregnancy is essential for the healthy growth and development of the
fetus. Because food insecure women and women living in deprived neighborhoods are more
likely to be obese and have inadequate weight gain, these moms and their infants have greater
risk for complications related to these risk factors. The implications of being obese and not
gaining enough weight on pregnancy and infant outcomes require further research. Supporting
women in gaining enough weight during pregnancy is an important intervention in achieving an
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optimal pregnancy outcome. Additional support is needed to help pregnant women achieve the
recommended weight gain regardless of food insecurity and neighborhood deprivation status as
half of all women gain too much weight. Additionally, targeted support is needed to address the
higher risk of inadequate weight gain among food insecure women and those living in deprived
neighborhoods. This may include large scale efforts to address the socio-economic disadvantage
and discrimination that lead to adverse pregnancy outcomes through weight gain and stress.
Access barriers to programs designed to support food insecure women need to be addressed. The
results of this study highlight that a need to address food insecurity and weight gain in pregnancy
still exists despite available programs. Programs could be targeted to address inadequate weight
gain as a particular concern for Non-Hispanic Black women. Addressing the higher risks of
inadequate weight gain among Non-Hispanic Black women may help to reduce rates of preterm,
low birth weight and SGA infants in this population. Additionally, sustained efforts are needed to
continue addressing excessive gestational weight gain as a highly prevalent problem among all
women.
Future Research
Based on Limitations
In order to be able to conduct population-based studies in this area, psychosocial scales
for food insecurity and perceived stress need to be incorporated with birth certificate data at state
and national levels. The current study was not able to determine differences in outcome by
degree of food insecurity status. Data are not available to study food insecurity in pregnant
women with sample size needed to determine differences in pregnancy outcomes, including
weight gain, by degree of food insecurity. It would also be beneficial to incorporate Cohen’s
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Perceived Stress Scale with birth certificate data to be able to determine the effect of stress on
pregnancy outcomes on a larger scale. The scale could be administered during routine prenatal
care and kept in the medical record. Scores could be transcribed onto the birth certificate at
delivery. Further research could also include a longitudinal cohort study that measures the effect
of food insecurity and stress over time starting in early pregnancy and continuing through the
postpartum period. Additionally, the effects on children could be determined if the longitudinal
study is extended to follow infants over time and collect data at set intervals within the first few
years of life. However, this would be a costly pursuit as it would require years of funding and
staff involvement. The most efficient approach would be to incorporate the scales into already
existing datasets such as PRAMS.

Based on Study Findings
The most pressing issue to research further would be to fully understanding the
implications of not gaining enough weight in pregnancy on infant outcomes including long-term
evaluations of neurological development. Additionally, defining guidelines for groups including
obese women, food insecure women and possibly Non-Hispanic Black women would be
beneficial. The study findings help to examine the pathway between food insecurity and
neighborhood deprivation on infant outcomes including SGA, LGA and preterm birth. Further
research is needed to understand the directionality of this potential pathway and whether or not
SGA, for example, results in lower weight gain or if inadequate weight gain leads to SGA.
Identifying the specific characteristics of neighborhood deprivation on inadequate weight gain
would be beneficial to addressing these. Additional qualitative research to further understand the
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differences between food insecure women who gain excessive weight and food insecure women
who gain inadequate weight would help clarify why a polarization exists within this group. A
qualitative study that focuses on understanding the factors related to inadequate weight gain in
food insecure women might be beneficial as well. Future research is also needed to understand
the barriers that prevent women from accessing services that can help to prevent inadequate
weight gain. It would also be interesting to study the association between perceived
discrimination and weight gain, and further investigate why Non-Hispanic White women are the
only group to have an increased risk of excessive weight gain with increasing neighborhood
deprivation. It would also be interesting to study further why Non-Hispanic Black women who
live in least deprived neighborhoods have a higher risk of inadequate weight gain and how this
relates to infant outcomes.

Recommendations for Research and Practice
Practice Recommendations
While excessive weight gain is a problem for all women regardless of socio-economic
status, inadequate weight gain is specific to food insecure and women living in high deprivation
neighborhoods. Given the association between weight gain and infant outcomes, solutions are
needed to address inadequate weight gain among Non-Hispanic Black women, food insecure
women and women living in high deprivation neighborhoods. More support is needed to help
women circumvent barriers in access to programs and services. Further research is needed to
understand the health effects of inadequate weight gain on infant outcomes.
Strengths and Weaknesses
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The PRAMS questionnaire needs to be expanded to include a food insecurity scale that
can measure degrees of food insecurity. The questionnaire could also benefit from the inclusion
of Cohen’s Perceived Stress scale that could be used to understand the perception of stress in
addition to the use of a stressful events checklist. Questions about stress and food insecurity are
only available in the most recent years of data and used by six states. States that suffer from
higher rates of food insecurity are not including the food insecurity questions in their
questionnaire which prevents the study of this topic in areas that could benefit from it the most.
Also the demographic make-up of the states that include this question do not allow for an
extensive exploration of this topic with respect to the disparities that occur in minority
populations as only 6% of the study sample was Non-Hispanic Black which is considerably
lower than rates in other states.
With respect to the use of a deprivation index to study the effects of deprivation on
gestational weight gain, the study applied the index at the census tract level which may mask
pockets of deprivation that occur within more affluent census tracts or vice versa. This may skew
the results towards the null as women who live in deprived neighborhoods are pooled together
with women living in affluent neighborhoods within the same census tract.
The study examines the association between food insecurity and neighborhood
deprivation on weight gain with the idea that weight gain could be on the path to adverse birth
outcomes. However, it is possible that weight gain is an indicator that something is not
progressing correctly with the pregnancy. For example, SGA may occur for reasons other than
inadequate weight gain and weight gain is an indicator of this outcome but not a cause. However,
if this is true, it still indicates that pregnancies are progressing differently in high deprivation
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neighborhoods and whether weight gain is an indicator or a cause of adverse outcomes, the
implications of this difference are unknown.
Examination of the Framework
The overall conceptual framework used remains valid given the results that show that all
components tested significantly influence gestational weight gain and that differences in
gestational weight gain occur at different levels of neighborhood deprivation regardless of
adjustment for maternal characteristics. The use of the Syndemics theory to explain the
relationship between stress, food insecurity and weight gain did not remain valid in the sense that
it was applied since the interaction between stress and food insecurity on weight gain was not
statistically significant. However, the inclusion of Syndemics theory is still valid to explain the
differences observed in Non-Hispanic Black women as a function of perceived discrimination
and its effect on gestational weight gain. The addition of the weathering hypothesis could also be
integrated into the framework to explain differences observed with respect to the effects of a
previous live birth, maternal age and race/ethnicity on the outcome of gestational weight gain.
Conclusions
Inadequate weight gain was significantly associated with neighborhood deprivation
despite adjusting for maternal characteristics. An association was also observed between food
insecurity and not gaining enough weight but the association did not hold once maternal
characteristics were account for. Despite this, there is still a need to address the disproportionate
obesity rates among food insecure women. The combination of excessive risks of obesity with
excessive risks of inadequate weight gain on infant outcomes needs to be further explored. More
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research is needed to understand the physiological, metabolic, and endocrine changes caused by
restricting weight gain during pregnancy and its impact on fetal development.
Stress also appears to be a driver of excessive weight gain as women with 6 or more
stressful events were 1.7 times more likely to gain excessive weight despite adjusting for
maternal characteristics. The effect of stress showed an association with inadequate weight gain
as well but this was accounted for by maternal characteristics in the adjusted model. Food
insecure women were found to be 23 times more likely to have 6 or more stressful events
suggesting that a portion of excessive weight gain observed in this population may be
attributable to stress.
Results indicate that Non-Hispanic Black women are more likely to live in high
deprivation neighborhoods and to have inadequate weight gain compared to Non-Hispanic White
women. There was no association found between excessive weight gain and neighborhood
deprivation, except for Non-Hispanic White women.
Interventions may be beneficial to address stress and diet in pregnancy. However, many
risk factors associated with weight gain are not modifiable during pregnancy and therefore
supporting women’s health and wellbeing throughout the lifespan is needed to counteract their
effects. Also, further examination of modifiable neighborhood environments is needed to combat
the environmental effect on weight gain. Large scale efforts are needed to address the socioeconomic disadvantages, discrimination and environmental factors that contribute to disparities
in gestational weight gain.
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Appendix A: Questionnaires

Cohen’s Perceived Stress Scale:
0= Never 1=Almost 2=Sometimes 3=Fairly often 4=Very often
1) In the last month, how often have you been upset because of something that happened
unexpectedly?
2) In the last month, how often have you felt that you were unable to control the import things in
your life?
3) In the last month, how often have you felt nervous and stressed?
4) In the last month, how often have you felt confident about your ability to handle your personal
problems?
5) In the last month, how often have you felt that things were going your way?
6) In the last month, how often have you found that you could not cope with all the things that
you had to do?
7) In the last month, how often have you been able to control irritations in your life?
8) In the last month, how often have you felt that you were on top of things?
9) In the last month, how often have you been angered because things were outside of your
control?
10) In the last month, how often have you felt difficulties were piling up so high that you could
not overcome them?
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U.S Household Food Security Survey module (HFSSM):
1) We worried whether my/our food would run out before got money to buy more. Was that
often, sometimes, or never true for you in the last 12 months?
2) The food that I/we bought just didn’t last, and I/we didn’t have money to get more. Was that
often, sometimes, or never true for you in the last 12 months?
3) I/We couldn’t afford to eat balanced meals. Was that often, sometimes, or never true for you
in the last 12 months?
4) I/We relied on only a few kinds of low-cost food to feed the children because (I was/we were)
running out of money to buy food. Was that often, sometimes, or never true for you in the last 12
months?
5) In the last 12 months, since today, did you (or other adults in your household) ever cut the size
of your meals or skip meals because there wasn’t enough money for food?
6) I/We couldn’t feed the children a balanced meal, because I/we couldn’t afford that. Was that
often, sometimes, or never true for you in the last 12 months?
7) In the last 12 months, did you ever eat less than you felt you should because there wasn’t
enough money to buy food?
8) [Ask only if #5 = Yes] How often did this happen – almost every month, some months but not
every month, or in only 1 or 2 months?
9) The children were not eating enough because I/we just couldn’t afford enough food. Was that
often, sometimes, or never true for you in the last 12 months?
10) In the last 12 months, since today, were you ever hungry but didn’t eat because you couldn’t
afford enough food?
11) Sometimes people lose weight because they don’t have enough to eat. In the last 12 months,
did you lose weight because there wasn’t enough food?
12) In the last 12 months, since today, did you ever cut the size of any of the children’s meals
because there wasn’t enough money for food?
13) In the last 12 months, since today, did you (or other adults in your household) ever not eat
for a whole day because there wasn’t enough money for food?
14) In the last 12 months, were the children ever hungry but you just couldn’t afford more food?
15) [Ask only if #13 = Yes] How often did this happen – almost every month, some months but
not every month, or in only 1 or 2 months?
16) In the last 12 months, since today, did any of the children ever skip a meal because there
wasn’t enough money for food?
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17) [Ask only if #16 = Yes] How often did this happen – almost every month, some months but
not every month, or in only 1 or 2 months?
18) In the last 12 months, since today, did any of the children ever not eat for a whole day
because there wasn’t enough money for food?
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Appendix B
Household Food Insecurity Access Scale (HFIAS) (Swindale & Bilinsky, 2006)
A. Anxiety and uncertainty about household food access:
1. Did you worry that your household would not have enough food?
B. Insufficient quality (includes variety, preferences, and aspects of social acceptability):
2. Were you or any household member not able to eat the kinds of foods you preferred because
of a lack of resources?
3. Did you or any household member eat just a few kinds of food day after day because of a lack
of resources?
4. Did you or any household member eat food that you did not want to eat because a lack of
resources to obtain other types of food?
C. Insufficient food intake and its physical consequences:
5. Did you or any household member eat a smaller meal than you felt you needed because there
was not enough food?
6. Did you or any other household member eat fewer meals in a day because there was not
enough food?
7. Was there ever no food at all in your household because there were no resources to get more?
8. Did you or any household member go to sleep at night hungry because there was not enough
food?
9. Did you or any household member go a whole day without eating anything because there was
not enough food?
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Appendix C: Maps of Neighborhood Deprivation
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Appendix D: Tables and Figures

Table A: Gestational weight gain ranges and rates (Rasmussen & Yaktine, 2009)
Pre-pregnancy BMI (kg/m2)

Total weight gain (lbs.)

Mean rates and ranges of
weight gain for 2nd and 3rd
trimesters (lbs./week)*

Underweight (<18.5)

28-40

1 (1-1.3)

Normal weight (18.5-24.9)

25-35

1 (0.8-1)

Overweight (25.0-29.9)

15-25

0.6 (0.5-0.7)

Obese (≥30)

11-20

0.5 (0.4-0.6)

*The rates are calculated based on a 1.1 to 4.4 pound weight gain in the first trimester.
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Table B: Florida Vital Statistic variables used in the analyses
Variable Name

Description

Masked_MaternalID

Maternal ID used to identify births that occurred for the same
mother

Masked_DeliveryID

Delivery ID used to identify births that occurred during the same
delivery

Birth_Interval

Amount of time between births for the same mother

BIRTH_WEIGHT_GRAMS

Birth weight in grams

Birpresent_code

Breech

BSTATE

State where the birth occurred

Calc_MonthOfPrenatalBegan

The month of pregnancy that prenatal care began

CalculatedGestationalAge

Gestational age

CLD_PRECIP_LABOR

Precipitous labor

CLD_PREMATURE_ROM

Premature rupture of membranes

CLD_PROLONG_LABOR

Prolonged labor

Death_occurred

Did the birth result in infant death

GESTATION_WEEKS

Gestational age at birth in weeks

Kotelchuck_Index

Kotelchuck Index of prenatal care

Live_births_living

Number of previous live births that are still alive

Live_births_dead

Number of previous live births that are now deceased

Live_births_date_month

Month of last live birth

Live_births_date_year

Year of last live birth

MOTHER_AGE

Maternal age at birth

Mother_CalculatedHisp

Is the mother Hispanic?

Mother_CalculatedRace

Maternal race

MOTHER_EDCODE

Maternal education

MOTHER_HEIGHT_FEET

Maternal height in feet

MOTHER_HEIGHT_INCH

Maternal height in inches

MOTHER_MARRIED

Marital status of mother

MOTHER_PRE_PREG_WT

Maternal pre-pregnancy weight

MOTHER_WIC_YESNO

Maternal WIC use

MOTHER_WT_AT_DELIV

Maternal weight at delivery
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MR_DIAB

Type I diabetes

MR_DIAB_GEST

Gestational diabetes

MR_HYPERT_CHRONIC

Chronic Hypertension

MR_HYPERT_ECLAMPSIA

Eclampsia

MR_HYPERT_PREG

Gestational Hypertension

MR_PREV_POOR_OUTCOME

Previous pregnancy outcome

MR_PREV_PRETERM

Previous preterm birth

PLURALITY_CODE

Plurality

Preg_outcome_number

Total number of other pregnancy outcomes (include spontaneous,
induced, ectopic)

Preg_outcome_date_month

Month of last other outcome

Preg_outcome_date_year

Year of last other outcome

PRENAT_TOT_VISITS

Total number of prenatal visits

PRENATAL_YESNO

Did the mother receive prenatal care?

PrePregnancy_BMI

Pre-pregnancy BMI

TOBACCO_USE_YESNO

Tobacco use during pregnancy

WEIGHTGAIN

Weight gain during pregnancy

EVENT_YEAR

Birth year

CertNumber

State file number

GEORESULT

Accuracy of geocoding

TRACT_KEY

Census tract

GEOZIP

ZIP code (6 digit)

GEOZIP4

ZIP code (4 digit)

Latitude

Latitude coordinates

Longitude

Longitude coordinates

GeoCounty

County FIPS code

TRACT2010

2010 Census tract

TRACTKEY_2010

2010 Census tract
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Table C: PRAM Variables from Phase 7 Core and Topic Questionnaire
Variable
Description

Question

Food
Insecurity

During the 12 months before
your new baby was born, did
you ever eat less than you felt
you should because there wasn’t
enough money to buy food?
How tall are you without shoes?
Just before you got pregnant
with your new baby, how much
did you weigh?
What is your date of birth?

Height
Prepregnancy
weight
Maternal
Age

Type 1 and 2
Diabetes,
Chronic
hypertension,
Depression
Insurance

WIC
Gestational
Diabetes

Weight
gained
Income

Household
size

*Note: Only year of birth is
needed.
Before you got pregnant with
your new baby, did a doctor,
nurse, or other health care
worker tell you that you had any
of the following health
conditions?
During your most recent
pregnancy, what kind of health
insurance did you have to pay
for your prenatal care?
During your most recent
pregnancy, were you on WIC?
During your most recent
pregnancy, were you told by a
doctor, nurse, or other health
care worker that you had
gestational diabetes?
By the end of your most recent
pregnancy, how much weight
had you gained?
During the 12 months before
your new baby was born, what
was your yearly total household
income before taxes?
During the 12 months before
your new baby was born, how
many people, including
yourself, depended on this
income?

Survey
Question
Number
P14

Questionnaire

Section

Topic

C. Food Insufficiency

Question 1
Question 2

Core
Core

Before Pregnancy
Before Pregnancy

Question 3

Core

Before Pregnancy

Question 11

Core

Before Pregnancy

Question 18

Core

During Pregnancy

Question 27

Core

During Pregnancy

Question 28

Core

During Pregnancy

Question 40

Core

During Pregnancy

Question 57

Core

Other Experiences

Question 58

Core

Other Experiences
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Table D: PRAMS Operations, Analytic, Birth Certificate and Weighting Variables :
Variable Description

Variable Name

Section

State name

STATE

Operations Variables

Computed gestational age
Years since last live birth
Mom body mass index
Mom total height (inches)
Mom weight before pregnancy
Total # stresses

BC_GEST
BC_YRLLB
MOM_BMI
MOM_HT_I
MOM_WT
STRS_TT3

Analytic Variables
Analytic Variables
Analytic Variables
Analytic Variables
Analytic Variables
Analytic Variables

Marital status
Maternal education
Maternal race
Maternal age grouped
Live birth
WIC
Diabetes
Hypertension
Maternal weight gain
Did mom smoke?
Method of payment
Plurality
Year of birth

MARRIED
MAT_ED
MAT_RACE
MAT_AGE_NAPHSIS
ALIVE
MAT_WIC
MM_DIAB
MM_HBP
MOMLBS
MOMSMOKE
PAY
PLURALITY
YY_DOB

Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables
Birth Certificate Variables

In combined questionnaire
Year
Sample count
Strata state’s combined
SUDAAN Nest variable
Total count
Analysis wt
Sample weight
Noncoverage wt
Nonresponse wt

INQX
NEST_YR
SAMCNT
STRATUMC
SUD_NEST
TOTCNT
WTANAL
WTONE
WTTHREE
WTTWO

Weighting variable
Weighting variable
Weighting variable
Weighting variable
Weighting variable
Weighting variable
Weighting variable
Weighting variable
Weighting variable
Weighting variable
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